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FOREWORD 

Bulletin  No.  I50,  preliminary  edition  of  the  "Upper  Sacramento 
River  Basin  Investigation",  gives  the  results  of  a  comprehensive  six-year 
study  of  the  Sacramento  River  and  its  tributaries  between  Shasta  Dam  and 
Red  Bluff. 

The  objective  of  this  investigation  vas  to  develop  a  plan  for 
economic  development  of  the  water  resources  in  the  Upper  Sacramento  River 
Basin.  The  Legislature  approved  this  investigation  by  Item  257  of  the 
Budget  Act  of  1958.  Further  legislative  direction  was  given  to  this 
investigation  in  March  1958  by  enactment  of  Assembly  Concurrent  Resolution 
No.  33,  which  named  specific  reservoir  sites  for  consideration,  and  also 
extended  the  geographic  scope  of  the  original  investigation  by  requiring 
consideration  of  Paskenta  Reservoir,  a  potential  storage  site  on  Thomes 
Creek. 

Included  in  the  investigation  were  extensive  studies  of  an  Iron 
Canyon  Project  on  the  Sacramento  River  near  Red  Bluff.  As  a  result  of  the 
investigation,  however,  it  was  concluded  that  the  Iron  Canyon  Project  is 
not  economically  justified  under  present  economic  conditions.  It  was 
further  concluded  that  four  tributary  reservoir  projects,  Hulen  and 
Dippingvat  on  Cottonwood  Creek,  Millville  on  Cow  Creek,  and  Paskenta  on 
Thomes  Creek,  are  economically  justified.  These  reservoirs  should  be  the 
initial  developments  toward  full  utilization  of  the  water  resources  of  the 
Upper  Sacramento  River  Basin. 
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CHAPTER  I.   INTRODUCTION 

The  Sacramento  River  and  its  tributaries  form  the  largest 
stream  system  lying  entirely  in  California.  From  its  headwaters  in  the 
extreme  north  central  part  of  the  State,  the  Sacramento  flows  down  throiogh 
California's  great  Central  Valley  and  out  the  Golden  Gate  to  the  Pacific. 
More  than  30  percent  of  the  State's  average  annual  runoff  originates  in 
this  river  system.  Several  major  rivers  and  numerous  smaller  streams 
draining  into  the  Sacramento  River  from  the  rugged  mountain  ranges  in 
northeastern  and  northwestern  California  contribute  to  this  runoff. 

Various  plans  for  controlling  and  developing  this  tremendous 
resource  have  been  considered  since  the  turn  of  the  century.  During  the 
past  30  years,  several  major  steps  have  been  taken.  Shasta,  the  largest 
single  reservoir  in  the  State,  ^^ra,s  biiilt  in  the  igiiO's  on  the  main  stem  of 
the  Sacramento  River  near  the  northern  edge  of  the  Sacramento  Valley.  In 
addition,  several  major  storage  reservoirs  have  been  constructed  on  trib- 
utary streams  to  aid  in  control  of  the  runoff.  VJhiskeytown  Reservoir  on 
Clear  Creek,  Black  Butte  Reservoir  on  Stony  Creek  and  Folsom  Reservoir  on 
the  American  River  have  been  completed  va.thin  the  last  ten  years.  At  the 
present  time,  construction  is  well  under  way  on  the  nation's  highest  earth- 
fill  structvire,  Oroville  Dam.  Oroville  is  on  the  Feather  River,  the  largest 
single  tributary  to  the  Sacramento. 

This  bulletin  reports  on  an  investigation  of  a  portion  of  the 
Sacramento  River  Basin,  which  prior  to  completion  of  \i/hiskeytown  Reservoir 
in  1963,  contained  no  major  storage  structiores.  The  area  consists  of  2,600 
square  miles  tributary  to  the  Sacramento  River  between  Shasta  Dam  and  the 
City  of  Red  Blviff,  and  the  I88  square  miles  of  the  Thomes  Creek  -vratershed 
above  Paskenta.  The  entire  area  is  designated  in  this  report  as  the  Upper 
Sacramento  River  Basin.  This  basin  presently  delivers  an  average  \ancontrol- 
led  runoff  of  more  than  2  million  acre-feet  annually  into  the  Sacramento 
River  system. 

Although  the  -vrater  resources  of  the  Upper  Sacramento  River  Basin 
are  presently  almost  undeveloped,  the  botintiful  water  supply  has,  over  the 
years,  led  to  several  studies  of  possible  projects  on  the  main  stem 


Sacramento  River,  and  of  possible  developments  on  the  several  tributary- 
streams  vathin  the  basin.  This  investigation  comprised  for  the  first 
time  a  comprehensive  study  of  the  basin  in  -which  -the  project  p\arposes  of 
recreation  and  fishery  enhancement  -were  considered  as  having  equal  priority 
-vd-th  the  more  familiar  purposes  of  hydroelectric  power  production,  flood 
protection,  and  conservation  of  -water  for  irrigation,  municipal,  and 
ind\istrial  uses.   Shasta  and  Tehama  Coun-ties,  in  -which  these  projects 
would  be  located,  presently  depend  on  the  recreation  industry  as  a  signif- 
icant source  of  income.  A  major  accomplishment  of  -the  water  projects 
described  in  this  report  woxild  consist  of  increasing  the  recrea-tional 
attractiveness  of  the  basin  and  escpansion  of  -this  important  industry. 

Objectives  of  Investigation 

The  objectives  of  this  investigation  were  to  (l)  determine  -the 
water  supply  available  for  development,  (2)  determine  the  present  and 
probable  future  local  -water  requirements,  (3)  develop  a  comprehensive  basin- 
wide  plan  for  full  beneficial  control  and  utilization  of  "the  waters  of  -the 
Upper  Sacramento  River  Basin,  and  (h)   present  economic  evaluations  of  -those 
projects  ^ich  have  possibilities  for  construction  in  the  immediate  or  near 
future. 

Scope  of  Investigation 

The  Upper  Sacramento  River  Basin  Investigation  gave  comprehensive 
and  de-tailed  consideration  to  the  full  development  and  possible  enhancement 
of  all  -water  and  water-associated  resources.  Assembly  Conc\irrent  Resolution 
No.  33  requested  the  Depajrtment  to  investigate  the  possible  development  of 
cer-tain  specific  storage  sites  in  -the  basin.  In  addition,  it  was  found 
necessary  to  examine  a  number  of  alternative  development  possibili-ties  to 
fulfill  the  overall  objectives  of  the  investigation. 

The  investigation  encompassed  -virtvially  all  aspects  of  -water 
development,  control,  and  u-tilization.  Studies  ranged  from  cursory  examin- 
ations through  reconnaissance  evaluations  to  semi. de-tailed  estimates  and 
projections.  Project  units  were  designed  to  meet  economic  danands  for 
local  agricultural  and  indiis trial  water  service,  reduce  flood  flo-ws  within 
and  from  the  area,  provide  for  recreational  benefits,  protect  and  enhance 
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the  fishery  resotirces,  develop  the  hydroelectric  power  potential  of  the 
basin,  and,  to  the  extent  possible,  siistain  an  export  supply  in  the 
Sacramento- San  Joaquin  River  Delta. 

Engineering  and  related  technical  investigations  were  made  for 
a  possible  large  reservoir  on  the  main  stem  of  the  Sacramento  River  and  for 
alternative  reservoirs  on  tributaries  to  the  Sacramento  River.  A  major 
phase  of  the  investigation  involved  the  engineering  and  economic  aspects 
of  the  main  stem  Iron  Canyon  Project.  This  investigation  included 
problems  associated  with  damsite  geology,  foundation  conditions,  struc- 
tural design,  and  the  effect  of  the  dam  ajid  reservoir  on  the  Sacramento 
River  salmon  fishery.  Another  major  effort  was  directed  toward  planning 
multiple-purpose  reservoirs  on  the  tributary  streams  to  either  supplement 
or  replace  the  main  stem  reservoir.  The  potential  for  development  of 
ground  water  to  supply  local  douands  was  also  studied. 

The  study  was  begun  in  July  1958  an<i  completed  in  June  1964. 
During  this  period  the  investigation  was  carried  on  by  three  state  agencies. 
The  Department  of  Water  Resovirces  conducted  the  investigation  and  prepared 
the  report.  Fish  and  wildlife  aspects,  including  estimates  of  water 
requirements  for  maintenance  of  fishlife  and  for  various  conditions  of 
possible  enhancement,  were  prepared  by  the  Department  of  Fish  and  Game  for 
each  project  under  consideration  for  initial  construction.  Water-associated 
recreation  vise  of  each  potential  project  was  estimated  by  the  Department 
of  Parks  and  Recreation  throijgh  its  Division  of  Beaches  and  Parks. 

This  report  represents  the  combined  efforts  of  these  agencies 
to  develop  projects  that  would  maximize  the  net  benefits  to  the  people  of 
the  State  of  California. 

Related  Investigations  and  Reports 

For  many  years,  plans  have  been  made  to  develop  and  put  to 
beneficial  use  the  -v/aters  of  the  Upper  Sacramento  River  Basin.  A  review 
of  related  reports,  both  published  and  unpublished,  provided  much  of  the 
background  and  data  for  this  investigation.  Information  on  the  history 
and  reclamation  of  the  Upper  Sacramento  River  Basin  was  obtained  from  the 
Reclamation  Board  of  the  State  of  California.  Streamflow  and  flood  data 
were  obtained  from  publications  of  the  U.  S.  Geological  Survey  (USGS), 
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the  Uo  S,  Corps  of  Engineers,  the  U.  S.  Bureau  of  Reclamation,  and  the 
State  of  California  Department  of  Water  Resoiirces. 

The  U.  S.  Corps  of  Engineers  has  made  numeroiis  studies  in 
connection  with  the  flood  problems  in  the  Upper  Sacramento  River  Basin  and 
in  Butte  Basin.  Several  of  their  reports  were  useful  in  eval\iating  the 
flood  problems  and  possible  solutions  in  the  Upper  Sacramento  River  Basin. 

The  U,  S.  Bureau  of  Reclamation,  in  connection  with  its  respon- 
sibilities for  the  Central  Valley  Project,  has  published  much  information 
that  was  used  in  evaluating  the  problons  and  potential  of  the  Upper 
Sacramento  River  Basin.  Their  reports  were  useful  in  evaluating  the  possi- 
bilities of  constructing  a  reservoir  on  the  main  stem  of  the  Sacramento 
River  in  the  vicinity  of  the  Iron  Canyon  site  near  Red  Bluff, 

The  State's  overall  water  plaia,  published  in  1957  as  Department 
of  Water  Resources  Bulletin  No.  3>  provided  a  general  plan  for  the  devel- 
opment of  the  vra,ters  of  the  Upper  Sacramento  River  Basin.  Subsequent  plans 
such  as  BixLletin  No.  22,  "Shasta  Cotinty  Investigation",  carried  the  general 
plans  further  by  making  than  more  definite. 

Many  of  the  publications  studied  during  this  investigation  are 
listed  in  Appendix  E,  Bibliography. 

Area  of  Investigation 

The  area  under  investigation  comprises  the  drainage  basin  of  the 
Sacramento  River  between  Shasta  Dam  and  Red  Bluff,  the  Thomes  Creek  water- 
shed above  Paskenta,  and  related  agricultiiral  service  areas  downstream 
from  Red  Bluff.  The  basin  extends  about  80  miles  from  the  crest  of  the 
coast  range  on  the  west  to  the  crest  of  the  Cascades  on  the  east,  and  about 
35  miles  from  Shasta  Dam  on  the  north  to  Red  Bluff  on  the  south.  The  loca- 
tion of  the  area  is  shown  on  Plate  1,  "Location  of  Area  of  Investigation" . 

The  area  contains  about  2,800  square  miles  of  which  1,900  are 
comprised  of  fairly  rugged  mountains  varying  in  elevation  from  a  few 
hundred  feet  to  over  10,000  feet.  The  valley  lands,  in  contrast,  are 
relatively  flat.  At  Red  Bluff,  the  southernmost  city  within  the  basin, 
the  elevation  is  305  feet,  whereas  at  Redding,  30  miles  north,  the  elevation 
is  k96   feet,  only  I9I  feet  higher. 

Principal  tributary  streams  within  the  basin  are  Clear,  Cottonwood, 
and  Thomes  Creeks  on  the  west  side,  and  Cow,  Bear,  Battle,  and  Paynes 


Creeks  on  the  east  side.  The  wedge-shaped  northern  tip  of  the  valley- 
intrudes  into  mountainous  areas.  To  the  east  and  northeast  lie  the  Cascade 
Mountains.  The  Klamath  Mountains,  to  the  northwest,  join  with  the  Cascades 
at  the  northern  extremity  of  the  area.  To  the  west,  the  Trinity  and  Coast 
Ranges  form  the  western  limit  of  the  basin.  The  Coast  Range  consists  of 
several  subparallel  ranges  which  have  elevations  generally  ranging  between 
4,000  and  6,000  feet  above  sea  level. 

The  Cascades  consist  of  a  volcanic  chain  flanked  by  irregular 
volcaxiic  flows,  and  include  Lassen  Peak  which,  at  an  elevation  of  10,^57 
feet,  is  the  highest  point  adjacent  to  the  basin. 

The  Klamath  Moimtains  on  the  northwest  are  characterized  by 
rugged  peaks  which  rise  from  about  6,000  to  over  8,000  feet  above  sea  level. 

Soils 

A  great  variety  of  rock  formations  occur  in  the  basin.  The  west 
side  soils  are  of  relatively  recent  origin  with  deep,  fine-textured  soils 
along  the  valley  bottoms,  underlain  by  coarse  gravel  euid  sand.  The  benches 
and  ridges  that  form  the  foothills  have  red  gravelly  soils  with  some  local 
areas  containing  a  high  percentage  of  red  clay  -vAiich  are  often  underlain 
by  hardpaxi  at  various  depths.  The  hardpan  generally  restricts  the  use  of 
foothill  lands  to  irrigated  past\ire  or  dry  range  operation. 

Tertiary  and  Quaternary  volcanic  rocks  extend  from  the  eastern 
divide  to  the  east  edge  of  the  valley.  Cretaceous  and  Eocene  sedimentary 
rocks  underlie  the  volceinics  at  lower  elevations,  and  occur  at  the  surface 
in  some  areas.  Various  older  metasedimentary  and  metavolcanic  rocks 
extend  northward  from  the  northern  part  of  the  area.  The  east  side  soils 
are  generally  medium  textured;  however,  some  small  areas  have  coarse  stream 
and  colluvial  deposits,  partially  derived  from  volcanic  materials.  A  large 
part  of  the  area  has  subsoils  comprised  of  red  clay  and  coarse  gravel. 

A  broad  belt  of  upper  Pleistocene  and  Quaternary  sediments,  up 
to  22  miles  -^d-de,  occupies  the  central  portion  of  the  basin.  Along  the 
Sacramento  River  and  other  principal  streams.  Recent  alluvium  is  present. 
In  general,  the  valley  or  bottom  soils  are  deep  and  fine- textured,  and 
are  suitable  for  a  wide  variety  of  field  and  orchard  crops.  Crops 
presently  grown  are  com,  milo,  sugar  beets,  safflower,  strawberry  plants. 


alfalfa,  and  hay.  Orchards  are  planted  to  apples,  olives,  vralnuts, 
almonds,  prunes,  and  peaches.  In  addition,  large  farming  areas  are  devoted 
to  the  raising  of  beef  and  dairy  cattle.  The  intermediate  slopes  and 
benches  have  shallow  soil  depths  which  restrict  crop  adaptability;  the  top 
benches  are  quite  rocky  and  are  often  underlain  with  hardpan  and  parent 
materials  which  generally  restrict  their  use  to  irrigated  pasture  or  dry 
range  land  operation.  Many  of  the  soils  in  the  intermediate  and  higher 
bench  lands  are  relatively  low  in  fertility. 

Climate 

The  climate  of  the  basin  is  typical  of  the  Central  Valley  of 
California.  The  winters  are  cool  and  v/et  and'  the  summers  are  hot  and  dry. 
Virtually  all  precipitation  falls  in  the  winter  months,  generally  in  the 
form  of  rain.  The   average  seasonal  precipitation  for  the  basin  is 
approximately  kO   inches.  High  temperatures  are  common  duxing  the  summer 
months,  frequently  exceeding  100  degrees  Fahrenheit.  The  high  teraperatvire, 
dry  atmosphere,  and  long  summers  with  occasional  hot  winds  are  conducive 
to  high  evaporation  from  water  surfaces.  The  average  frostfree  period  is 
from  the  latter  part  of  March  to  the  middle  of  December.  Average  groidjig 
season  is  therefore  approximately  260  days.  Minimum  tenrperatures  rarely 
fall  below  28  degrees  Fahrenheit,  although  killing  frosts  have  been  recorded 
in  Red  Bluff  as  late  as  April  12  and  as  early  as  Novonber  11.  In  general, 
the  climate  in  the  Upper  Sacramento  River  Basin  is  suitable  for  a  id.de 
range  of  crops  commonly  grown  throughout  the  Sacrajnento  Valley.  It  is 
also  very  conducive  to  ira,ter-associated  recreational  uses. 

Transportati  on 

The  Upper  Sacramento  River  Basin  is  served  by  four  major  all- 
weather  paved  highways.  U.  S.  High-vTay  99,  the  main  north-south  highway 
through  the  area,  runs  in  a  general  southeasterly  direction  from  the 
Canadian  to  the  Mexican  border  and  serves  the  principal  cities  in  the 
Central  Valley  of  California.  The  largest  cities  in  the  basin,  Redding, 
Red  Bluff,  Anderson,  and  Cotton vrood,  are  on  or  near  U.  S.  Highway  99* 
U.  S.  Highway  299  starts  at  U.  S.  Highivay  101  near  the  Pacific  Coast  and 
extends  eastward  to  Redding.  From  Redding,  it  extends  northeastirard  and 
ends  at  Alturas  about  30  miles  from  the  Nevada  border.  State  Highway  kh 


extends  south eastward  from  Redding  ajid  terminates  at  State  Highway  89  near 
Manzanita  Lake.  State  Highway  36  runs  east  and  west  from  Red  Bluff,  end- 
ing at  Susanville  on  the  east  and  at  U.  S.  Highway  101  on  the  west.  In 
addition,  niMierous  improved  and  unimproved  county  roads  transect  the  area 
and  make  connections  with  the  main  federal  and  state  highways.  The 
highway  system  provides  ready  access  by  automobile,  bus,  and  truck  to 
markets  and  centers  of  commerce  in  other  parts  of  California. 

The  Southern  Pacific  is  the  only  railroad  that  serves  the  basin. 
Its  main  line  roughly  parallels  U.  S.  Highway  99  as  it  passes  through  the 
basin.  In  addition  to  serving  the  main  centers  of  population  in  the 
Upper  Sacramento  River  Basin,  it  provides  access  to  markets  in  Los  Angeles, 
San  Francisco,  Sacramento,  Portland,  and  Seattle. 

There  are  municipal  airports  in  Redding  and  Red  Bluff  capable 
of  handling  medium-sized  jet  aircraft.  Pacific  Airlines  presently 
provides  four  nonjet  flights  daily  from  Redding  and  Red  BliLff  to  San 
Francisco  and  Portland. 

Existing  transportation  facilities  adequately  meet  present 
requirements  and  could  be  readily  expanded  to  handle  the  greater  volume 
of  passenger  and  freight  service  that  is  anticipated  on  the  basis  of 
population  projections  and  futvire  economic  expansion. 

The  West  Side 

From  the  Sacramento  River,  the  land  rises  toward  the  west  in 
parallel,  narrow,  alluvial  valleys  separated  by  moderately  high  granitic 
ridges.  Through  these  valleys,  many  streams  empty  into  the  Sacramento 
River.  Cottonwood  Creek,  the  largest  tributary  in  the  basin,  drains  an 
area  of  approximately  950  square  miles  and  enters  the  Sacramento  River 
about  k   miles  east  of  the  town  of  Cottonwood. 

In  the  valleys  along  the  watercourses  of  the  Cottonwood  Creek 
area,  agric\ilture  is  highly  developed.  Toward  the  foothills,  where  the 
soil  thins  out  and  becomes  rocky,  cattle  raising  is  almost  the  only  use 
made  of  the  land.  In  the  extreme  western  sections  of  the  area  at  the 
higher  elevations,  pines  grow  in  profusion.  In  the  central  section  at 
the  lower  elevations,  the  natiiral  forest  consists  of  sparse  cottonwood, 
scrub  oak,  and  manzanita.  Ground  water  may  be  either  abimdant  or  sparse. 
The  valley  and  lower  foothill  area  is  underlain  by  Continental  and  Marine 
sediments  of  the  Chico  formation  which  dips  toward  the  east,  forming  the 


base  for  an  almost  continuous  ground  water  basin.  The  higher  elevation 
lands,  in  contrast,  are  very  nearly  devoid  of  ground  water.  This  lack 
of  water  has  precluded  major  development  in  the  upper  areas.  However, 
in  the  few  areas  along  the  higher  ridges  and  terraces  where  water  is  avail- 
able, one-half  to  five  acre  homesites  are  rapidly  being  developed. 

Clear  Creek,  the  second  largest  tributary  on  the  west  side  of 
the  basin,  drains  into  the  Sacramento  River  between  Redding  and  Anderson. 
The  only  developed  agricultural  areas  within  the  Clear  Creek  area  are 
concentrated  in  Happy  Valley  about  2  miles  west  of  Anderson  and  k   miles 
northwest  of  Cottonwood.  The  Happy  Valley  area  has  recently  been  assiired 
a  water  supply  by  forming  into  a  public  water  district  and  contracting 
with  the  U.  S.  Bureau  of  Reclamation  of  receive  water  from  Whiskeytown 
Reservoir. 

Thomes  Creek,  in  the  southwestern  portion  of  the  area  of  inves- 
tigation, drains  into  the  Sacramento  River  15  miles  south  of  Red  Bluff. 
The  Thomes  Creek  drainage  area  west  of  U.  S.  Highway  99  is  only  sparsely 
settled  and  presently  is  devoted  to  cattle  raising  and  to  the  groid.ng  of 
olives  and  citrus  crops. 

The  East  Side 

East'Sv'ard  from  the  Sacramento  River  the  land  slopes  steadily 
upward.  As  the  elevation  increases  the  lajidscape  takes  on  a  less  pro- 
ductive appearance.  This  is  largely  due  to  the  change  fixjm  irrigated 
pasture  to  dry  range  land  operation.  For  a  few  weeks  following  the  winter 
rains  the  shallow  soils  support  enough  grass  for  cattle  grazing.  Within  a 
short  time,  however,  the  soil  moisture  is  depleted  and  the  vegetation 
becomes  sparse  and  brown.  Here  and  there  patches  of  coniferous  forest 
mixed  -v/ith  manzanita  survive  on  local  pockets  of  ground  water. 

The  lower  foothill  lands  are  largely  devoted  to  cattle  raising, 
with  spots  of  irrigated  meadow  supplied  by  ground  water.  Forested  areas 
of  Douglas  fir  and  pine  lie  in  scattered  parcels  along  the  higher  foot- 
hill elevations,  usually  along  intermittent  or  ephemeral  streams  which 
interlace  the  area. 


The  upper  edge  of  the  area  is  heavily  forested  with  pine  and 
fir.  Lumbering  is  one  of  the  major  activities  in  this  area,  and  many 
small  mills  dot  the  landscape. 

Agriciilture  in  the  area  consists  largely  of  pastxire,  but  also 
includes  small  acreages  of  walnuts  and  strawberry  plants.  Much  of  the 
pasture  is  grown  on  irrigated  lands  adjacent  to  the  creeks  running  through 
the  area.  Most  of  the  irrigation  is  done  by  direct  diversion  from  the 
creeks,  although  a  limited  use  is  made  of  ground  water  in  the  Stillwater 
Plains  area.  Very  little  irrigable  land  exists  in  the  northeastern 
portion  of  the  area  of  investigation.  In  this  area  the  land  is  hilly  and 
rocky,  leaving  only  scattered  patches  of  irrigable  land.  For  a  part  of 
the  year  cattle  can  be  grazed  in  the  mountains,  but  as  the  soil  moisture 
is  depleted  and  the  grasses  die  out,  the  cattle  are  moved  to  better 
pasturage. 

History  of  Economic  Development 

Exploration  of  the  Upper  Sacramento  River  Basin  by  Spanish 
explorers  occvirred  between  l821  and  I823.  Next  caine  the  American  explorer 
and  trail  blazer  Jedediah  Strong  Smith  in  I828.  In  his  footsteps  a  stream 
of  hunters  and  trappers  came  from  both  the  north  and  south.  Between  the 
time  of  early  exploration  and  settlement,  the  area  was  inhabited  mainly  by 
hunters,  trappers,  and  resident  Indian  tribes.-' 

The  explorations  of  Peter  Lassen  and  General  John  Bidwell  in 
IS^+S  helped  attract  settlers  to  the  area.  In  iQhk,   the  population  consisted 
of  less  than  50  ranch  o-vmers  and  workers  on  large  Mexican  land  grants  along 
the  Sacramento  River.  In  all,  about  a  dozen  large  ranches  were  established 
before  the  gold  rush.  In  iSkS,   Marshall's  discovery  at  Coloma  prompted 
Major  Pierson  Barton  Reading  to  prospect  for  gold  on  his  26,000-acre  ranch 
in  Shasta  County.  He  discovered  gold  on  Clear  Creek  and  on  the  Trinity 
River  in  1848.  From  this  time  on,  there  was  a  steady  migration  of  settlers 


1/  For  an  account  of  the  history  of  local  Indian  tribes,  see  "Ishi" 
T.  Kroeber.  University  of  California  Press,  1961. 


to  Shasta  and  Tehama  Covuities.  At  first,  the  newcomers  were  mainly  inter- 
ested in  mining,  but  as  the  mines  played  out,  their  attention  turned  to 
other  economic  pursuits. 

Economic  development  of  the  basin  did  not  take  place  on  a  sub- 
stantial scale  until  after  I89O.  By  this  time  a  population  of  about 
26,000  persons  was  scattered  throughout  Tehama  and  Shasta  Co\inties,  pri- 
marily in  rural  areas.  Redding,  the  largest  city,  had  only  1,800 
inhabitants. 

By  the  tvocn   of  the  century,  a  trend  toward  urbanization  had 
begun.  Redding  and  Red  Bluff  had  grown  to  a  combined  popvilation  of  nearly 
6,000  out  of  a  total  popxilation  of  28,300.  Popxilation  projections  of 
Shasta  and  Tehama  Counties  indicate  that  this  trend  toward  virban  living  is 
continuing  at  an  ever- increasing  rate.  The  Department's  estimates  show 
that  the  population  will  increase  from  9'J,hO0   persons  in  I963  to  440,000 
by  the  year  2020.  About  380,000,  or  more  than  85  percent  of  the  population 
in  the  year  2020,  will  be  living  in  cities  and  towns. 

The  present  economy  is  based  largely  on  agricvilture  and  support- 
ing bvisiness  and  lumbering  and  forest  products  industries,  although  it  is 
becoming  more  and  more  dependent  on  business  catering  to  the  recreation  and 
tourist  trade.  Several  of  the  small  towns  such  as  Anderson  and  Cotton>rood 
are  in  transition  from  agricultural  service  centers  to  commercial  centers. 
Small  b-usiness  establishments  dot  the  eastern  side  of  Highway  99  from 
Cottonwood  to  Redding.  The  Kimberly  Clark  Corporation  recently  built 
a  new  pulp  mill  plant  at  Anderson  that  employs  an  estimated  400  persons. 
The  United  States  Plywood  Corporation  plant  at  Anderson  is  one  of  the 
largest  in  the  United  States,  with  a  production  of  about  50,000  sheets 
per  day. 

Beca\ise  of  their  numerous  motels  and  restaiirants,  and  because  of 
the  considerable  distance  to  other  large  towns.  Redding  and  Red  Bluff  have 
become  stop-over  points  for  many  travelers  in  Northern  California.  The 
construction  of  Shasta  Reseirvoir  particularly  has  stimulated  the  tourist 
industry  in  Redding.  With  the  recent  completion  of  Trinity  and  Whiskeytown 
Reservoirs,  it  is  anticipated  that  tourist  and  recreational  activity  will 
increase  further  in  the  region  siorrounding  Redding. 
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History  of  Water  Development 

The  Sacramento  Valley  and  its  upper  basin  have  been  plagued 
by  dajnaging  floods  and  droughts  for  many  years.  Early  plans  for  flood 
control  included:  drainage  in  the  Sacramento  Valley  by  opening  of  the 
river  mouth;  construction  of  adequate  levees;  constixiction  of  "escapeways" 
at  strategic  points  to  allow  the  s\irplus  vaters  of  major  floods  to  be 
stored  in  the  various  basins;  and  retention  of  as  much  \-}B.teT   as  possible 
between  the  levees  so  as  to  ultimately  scoiir  a  satisfactory  river  channel. 
Consideration  \'ra,s  given  to  a  plan  to  divert  water  near  Chico  Landing,  and 
to  conduct  it  through  Butte  Basin  by  a  bypass  channel.  However,  such  a 
channel  wotild  not  have  siifficient  storage  capacity,  and  consequently 
woiold  deliver  flood  waters  too  rapidly  to  the  lower  river. 

In  February  and  March  1904,  notable  floods  occ\irred  in  the 
Sacramento  Valley  streams.  These  floods,  which  produced  record  flows  at 
the  Sacramento  River  near  Red  Bluff,  resulted  in  great  damage.  Following 
the  floods  of  1904,  a  committee  of  engineers  known  as  the  Dabney  Commis- 
sion was  appointed  to  evolve  a  comprehensive  plan  for  controlling  the 
Sacramento  River  floods. 

Additional  flooding  occTorred  in  March  I9O7,  and  in  January  and 
February  I909.  The  occurrence  of  these  floods,  and  the  interest  developed 
by  the  Dabney  Commission,  brought  the  matter  of  flood  control  in  the 
Sacramento  Valley  to  the  attention  of  the  federal  government.  Efforts  by 
local,  state,  and  federal  agencies  to  develop  a  general  Sacramento  Valley 
flood  control  project  have  resulted  in  the  construction  of  the  extensive, 
but  inadequate,  flood  channels,  levees,  and  other  flood  relief  systems  that 
exist  today. 

In  1931,  the  state  engineer  made  a  report  to  the  California 
Legislatiire  on  the  State  Water  Plan.  This  comprehensive  plan  discussed 
the  physical  and  economic  aspects  of  state  water  distribution  problems. 
Investigations  and  reports  of  federal,  state,  and  local  agencies  ciilminated 
in  passage  by  the  Legislature  of  the  Central  Valley  Project  Act  of  1933* 
intended  to  implement  the  initial  features  of  the  State  Water  Plan  in  the 
Central  Valley.  The  project,  originally  intended  for  constiruction  utiliz- 
ing state  funds,  was  subsequently  set  up  for  federal  financing  through 
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the  U.  S.  Bureau  of  Reclamation,  as  a  feature  of  the  Public  Works  Admin- 
istration's program  to  alleviate  the  depression  then  existing  throxighout 
the  country. 

Shasta  Dam  was  constructed  by  the  U.  S.  Bureau  of  Reclamation 
in  the  early  19^0 's  for  river  regulation,  navigation,  flood  control, 
irrigation,  domestic  -v/ater  svtpply,  and  power  generation.  Control  of  water 
quality,  recreation,  aJid  fish  conservation  are  also  recognized  purposes  of 
Shasta  Reservoir.  This  multiple-purpose  reservoir,  a  key  unit  of  the 
Central  Valley  Project,  has  a  reservoir  surface  area  of  29,000  acres,  and 
a  storage  capacity  ot  h.^   million  acre-feet  including  I.3  million  acre- 
feet  specifically  reserved  for  flood  control  purposes. 

The  need  for  additional  flood  control,  the  ever- increasing 
demand  for  electrical  energy,  and  the  desirability  of  conserving  water 
for  use  in  the  thirsty  valleys  of  California  have  caxised  the  U.  S.  Bureau 
of  Reclamation,  the  Corps  of  Engineers,  the  State,  and  local  agencies  to 
persist  in  the  development  of  plans  for  additional  storage  on  the  main  ston 
of  the  Sacramento  River.  These  proposals  have  met  with  mild  approval  from 
some  leindowners  below  the  proposed  sites,  and  vigorous  objections  from 
upstream  landowners  and  from  local  and  state  fisheries  interests. 

As  a  resiilt  of  the  strong  opposition  to  main  stem  developments, 
studies  were  made  to  determine  the  feasibility  of  constincting  tributary 
reservoirs  in  lieu  of  an  Iron  Canyon  or  Table  Mountain  Reservoir. 

In  19^5,  the  California  Legislature,  after  holding  extensive 

hearings,  enacted  into  law  Chapter  1912,  now  codified  as  Chapter  126^9  of 

the  Water  Code.  This  chapter,  quoted  below,  gave  legislative  approval  to 

the  search  for  suitable  tributary  reservoir  sites. 

"12649.  It  is  the  intention  of  the  Legislature  that,  if  a 
feasible  plan  can  be  found  which  will  provide  adequate  flood  con- 
trol in  the  ttpper  Sacramento  Valley  without  the  necessity  of 
constructing  a  dam  across  the  Sacramento  at  the  Table  Mountain 
site,  or  any  other  site  in  the  same  general  vicinity,  and  thereby 
prevent  the  necessity  of  flooding  valuable  agriciiltural  land  and 
at  the  same  time  prevent  damage  to  the  fishing  resources  of  the 
Sacramento  River,  such  alternative  plan  should  be  adopted." 

Independent  studies  by  the  U.  S.  Bureau  of  Reclamation,  the  Corps 

of  Engineers,  and  the  State  had  previously  concluded  that  a  tributary 

reservoir  flood  control  plan  did  not  constitute  a  satisfactory  alternative 

to  a  main  ston  reservoir.  These  early  investigations  considered  only 
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flood  protection,  water  supply,  and  power  production  as  major  project 
purposes.  During  recent  years,  however,  the  multiple-purpose  concept 
has  become  more  and  more  important,  and  benefits  attributable  to  many 
diversified  functions  are  now  included  in  economic  evaluations. 

Since  19h'J,   when  the  State-id.de  Water  Resources  Investigation, 
"The  California  VJater  Plan",  was  started,  factors  affecting  vra.ter  develop- 
ment within  the  Upper  Sacramento  River  Basin  have  been  changing  at  an 
accelerated  pace.  These  factors  not  only  include  physical  development, 
but  the  basic  criteria  of  evalixation.  For  example,  since  the  inception 
of  the  Upper  Sacramento  River  Basin  Investigation  in  1958^  recreation  and 
fish  and  wildlife  enhancement  have  gained  greater  prominence,  and  the 
monetary  values  ascribed  to  these  benefits  have  been  more  thoroughly  eval- 
uated and  are  assuming  a  more  important  position  in  the  iiltiraate  formula- 
tion of  comprehensive  multiple-purpose  projects.  This  recent  emphasis  on 
recreation  and  fisheries  enhancement  has  greatly  increased  the  economic 
potential  of  tributary  reservoir  developments.  At  the  same  time  recent 
advancements  in  the  development  of  large,  highly  efficient  steam- electric 
powerplants  have  reduced  the  costs  of  power  production,  and  have  therefore 
reduced  the  economic  value  of  hydroelectric  power  projects.  This  reduc- 
tion of  hydroelectric  power  benefits  has  greatly  reduced  the  economic 
potential  of  a  daia  and  reservoir  on  the  main  stem  of  the  Sacramento  River. 

Influence  of  Future  Water  Projects 

The  Upper  Sacramento  River  Basin  will  eventually  become  an  inte- 
grated part  of  a  complex  of  water  control  and  supply  covering  the  entire 
State.  Studies  of  the  North  Coastal  area,  now  in  progress,  may  greatly 
influence  the  eventual  decision  as  to  the  control  and  disposition  of  waters 
within  the  Upper  Sacramento  River  Basin.  The  principal  influence  of  the 
North  Coastal  Investigation  on  the  Upper  Sacramento  River  results  from  the 
method  and  time  of  import  of  additional  North  Coastal  water  to  the 
Sacramento  Valley.  This  fut\ire  import  water  could  be  brought  in  by  either 
of  two  practical  routes.  They  are:  (l)  a  diversion  tunnel  into  Clear  Creek, 
then  throiigh  a  series  of  reservoirs  and  powerplants  into  the  Sacramento 
River  above  the  Iron  Canyon  damsite;  (2)  a  diversion  tunnel  into  Cottonwood 
Creek,  then  through  the  West  Side  Conveyance  System  to  a  large  Glenn 
Reservoir  Complex  on  Thomes  and  Stony  Creeks. 


■13- 


The  route  selected  may  therefore  have  a  very  pronounced  effect 
on  future  water  projects  within  the  Upper  Sacramento  River  Basin.  It  is 
not  possible  at  this  time  to  determine  which  of  the  above  alternatives 
will  finally  be  constructed. 

Other  studies  of  the  Upper  Sacramento  River  area  are  now  being 
made  by  local  agencies  and  by  the  State  and  federal  governments.  The 
results  of  these  studies  will  continue  to  affect  future  water  development 
projects  in  the  Upper  Sacramento  River  Basin. 

Arrangement  of  This  Report 

The  water  supply  and  water  requirements  for  the  basin  are  pre- 
sented in  Chapter  II;  Iron  Canyon  Project  is  discussed  aad  evaluated  in 
Chapter  III;  tributary  reservoir  development  projects  are  discussed  and 
evaluated  in  Chapter  IV;  groijnd  water  development  possibilities  are  disc\is- 
sed  in  Chapter  V;  and  conclusions  and  recommendations  are  contained  in 
Chapter  VI. 
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CHAPTER  II.  WATER  SUPPLY  AND  WATER  REQUIREMENTS 

The  vater  resoiirces  of  the  Upper  Sacramento  River  Basin  con- 
sist of  direct  precipitation  on  the  lands  of  the  area,  natural  surface 
and  subsTirface  inflow  to  the  basin,  and  imported  water.  A  portion  of 
this  resource  is  uBed  locally,  but  the  majority  flows  from  the  basin  as 
surface  or  subsurface  outflow.  The  water  supply  of  the  basin  is  con- 
sidered and  evalxiated  in  this  chapter  under  the  general  headings 
"Precipitation",  " Streamf low" ,  "Imported  and  Exported  Water",  "Ground 
Water",  and  "Water  Quality". 

Present  and  predicted  future  water  requirements  in  the  Upper 
Sacramento  River  area  are  relatively  small  when  compared  mth  the  water 
supply  originating  in  the  basin.  Even  under  conditions  of  expected 
maximum  development,  the  net  depletion  of  water  supply  by  all  local  uses 
will  be  substantially  less  than  the  available  natural  runoff.  The  \ra.ter 
requirements  are  disc-ussed  in  this  chapter  under  the  general  headings 
"Present  Water  Resources  Development",  "Service  Areas",  "Land  Use", 
and  "Water  Requirements" . 

Precipitation 

Winter  precipitation  results  from  stonns  and  their  associated 
fronts  moving  into  the  Upper  Sacramento  River  area  from  the  Pacific  Ocean. 
In  basinwide  storms,  rainfall  is  generally  heavy  in  the  area  just  west  of 
Shasta  Dam  and  along  the  western  and  eastern  drainage  divides.  The 
orographic  lifting  of  moist  air  masses  over  the  Cascade  Mountains  releases 
precipitation  on  the  wind-vra,rd  slope,  resulting  in  heavy  precipitation  in 
the  eastern  part  of  the  basin.  This  orographic  precipitation  is  in 
addition  to  the  precipitation  resulting  from  the  convergence  process 
operating  in  low  pressure  systems  and  along  fronts.  The  lowest  rainfall 
occTors  on  the  valley  floor  near  Red  Bluff.  Although  precipitation  in  the 
form  of  rain  is  predominant,  considerable  snow  falls  at  higher  elevations, 
notably  on  the  slopes  of  Mo\mt  Lassen. 
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For  purposes  of  this  investigation,  the  50-year  period  from 
July  1905  to  Jione  1955  was  used  to  estimate  mean  anniial  precipitation. 

Precipitation  Stations 

There  are  29  precipitation  stations  in  and  adjacent  to  the 
study  area  ^d.th  continuous  records  of  10  years  or  longer.  These  stations, 
together  \n.th   others  with  shorter  periods  of  record  were  used  as  a  basis 
for  plotting  lines  of  equal  mean  annioal  precipitation  shown  on  Plate  2, 
"Lines  of  Equal  Mean  Annual  Precipitation" .  Table  1  presents  the  station 
name,  location,  elevation,  period  of  record,  source  of  record,  and  esti- 
mated average  seasonal  precipitation  for  the  period  1905-1955*  All 
records  of  precipitation  used  in  the  study  have  been  published  in  bulletins 
of  either  the  U.  S.  Weather  Btireau  or  the  Department  of  Water  Resoiirces. 

Precipitation  Characteristics 

The  precipitation  pattern  is  historically  one  of  wet  lanters 
and  extremely  dry  summers.  Approximately  85  percent  of  the  seasonal  precip- 
itation occurs  from  November  thro\igh  April.  The  remaining  15  percent 
generally  occurs  in  late  spring  and  early  fall  ^d-th  virtually  no  precip- 
itation occurring  during  the  summer  months.  Extreme  seasonal  variability 
of  precipitation  is  evidenced  by  the  record  at  Redding  which  shows  a  maxi- 
mun  of  69  inches  and  a  minimum  of  16  inches.  Average  seasonal  precipita- 
tion in  the  basin  varies  from  76  inches  at  Iron  Mountain  to  I9  inches  at 
Red  Bluff.  The  average  for  the  entire  study  area  is  approximately  kO 
inches.  Snow  depths  up  to  300  inches  have  been  recorded  on  Mount  Lassen. 

The  lines  of  equal  mean  annual  precipitation  developed  from 
precipitation  data  were  used  in  flood  hydrology  studies  axid  in  estimating 
the  natural  runoff  from  drainage  areas  that  do  not  have  streamflow 
measurements  available. 

Streamflow 
Runoff  from  the  basin  and  releases  from  Shasta  Reservoir  con- 
stitute the  present  sources  of  sxirface  -srater  originating  within  the 
Sacramento  River  Basin.  Imports  from  the  recently  completed  Trinity  River 
Division,  federal  Central  Valley  Project,  have  increased  this  ruQOff  by 
about  850,000  acre-feet  annually.  Natural  nanoff  from  the  basin  not 
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TABIxE  1 

PRECIPITA.TIOW  STATIONS  IN  OR  ADJACENT  TO  THE 
UPPER  SACRAMENTO  RIVER  BASIN 


Station 

latitude 

and 
Longitude 

Elevation 

Above  Mean 

Sea  Level, 

in  Feet 

Period 

of 
Record* 

Source 

of 
Record 

Estimated  Mean 

Annual 

Precipitation, 

in  Inches 

West  Side 

4l°  00' 

Trinity  R.  S. 

122°  kl' 
1+0°  50' 

2,295 

1941- 

USWB 

45.51 

Minersville  Rock  Rch. 

122°  51' 

2,400 

1949-58 

USWB 

44.46 

Weaverville  R.  S. 

122°  56' 
kO°   k2' 

2,050 

1871- 

USWB 

34.89 

French  Gulch 

122°  38' 

1,100 

1951- 

USWB 

37.50 

Iron  Mountain  No .  2 

33N-6W-35 
ko°   38. U' 

2,750 

1949- 

Private 

76.50 

Buckhorn  Summit 

122°  i+3.9' 
40°  36' 

3,100 

1952- 

USER 

Shasta 

122°  29' 

ko°   32.5' 

1,148 

1896-1912 

USWB 

50.75 

Igo  3  N.W. 

122°  3I+.O' 
kO°   29' 

1,620 

1940- 

Private 

47.70 

Ono 

122°  37' 

980 

1951- 

USWB 

36.01 

Ono  Exp.  Range 

3ON-8W 
kO°   22' 

1,500 

1939- 

UC 

Harrison  Gulch  R.  S. 

122°  57' 
40°  21' 

2,710 

1943- 
1940-48 

USWB 

34.94 

'   Beegum 

122°  51' 
40°  21' 

1,291 

1951-5^ 

USWB 

27.70 

1  Ferguson  Ranch 

1??°  27' 

800 

1951- 

USWB 

27.69 

1 
I 

40°  19. 0' 

Beegum  2  SW 

122°  52.9' 
4o°  17' 

3,^50 

1952- 

USBR 

30.44 

1  Rosewood 

122°  33' 
40°  10' 

865 

1894-1904 

USWB 

25.04 

Saddle  Camp  R.  S. 

122°  48' 
39°  56' 

3,850 

1945- 

USWB 

31.44 

Ball  Mtn.  Look  Out 

122°  47'- 
39°  55.2' 

6,500 

1948- 

USWB 

38.07 

Paskenta  6  WNW 

122°  39-5' 
39°  53' 

3,700 

1952- 

USBR 

36.43 

Paskenta  R.  S. 

122°  33' 
39°  55.3' 

755 

1938- 

USWB 

21.52 

Flournoy 

122°  26.2' 

580    1953- 
ontinuous  record. 

Private 

21.53 

*  Dash  following  year 

indicates  c 
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mBLE  1  (Continued) 


PRECIPITATION  STATIONS  IN  OR  ADJACENT  TO  THE 
UPPER  SACRAMENTO  RIVER  BASIN 


Station 

Latitude 

and 
Longitude 

Elevation 

Above  Mean 

Sea  Level, 

in  Feet 

Period 

of 
Record* 

Source 

of 
Record 

Estimated  Mean 

Annual 

Precipitation, 

in  Inches 

West  Side    (Continued) 

39° 

5^' 

Corning  Houghton 

Rch. 

122° 
39° 

22' 
57' 

1+87 

I9I+6 

USWB 

19.51 

Corning  7  WNW 

122° 
39° 

18- 
56' 

395 

1955- 

DWR 

Corning  1  W 

122° 

12' 

288 

1958- 

DWR 

20.92 

Main  Stem 

1|0° 

k6' 

Turntable   Creek 

122° 

18' 
^3' 

1,067 

I9I+7- 

USWB 

61.72 

Shasta  Dam 

122° 

25' 
35' 

1,076 

I9U3- 

USWB 

55.90 

Redding  Fir  Sta. 

No. 2 

122° 

2l+' 
28' 

577 

1875- 

USWB 

37.^5 

Churn  Creek 

122° 
1+0° 

18' 
27' 

1+50 

1915-27 

USWB 

29.07 

Anderson-Gilman 

Rch. 

122° 
^0° 

16' 
09' 

23I+ 

193^-39 

Private 

25.19 

Red  Bluff  W.B.A. 

P. 

122° 
U0° 

15' 
oi+' 

3^1 

1877- 

USWB 

19.1+1 

Los  Molinos   3  W 

122° 
1+0° 

o6' 

02' 

2I+5 

195^- 

Private 

23.00 

Tehama 

122° 
1+0° 

08' 

01' 

220 

1871-1916 
1910-13, 

USWB 

Los  Molinos 

122° 
39° 

o6' 
56' 

219 

I92I+-39. 
I9I+2-5I+ 

1916-5^, 

Private 

23.00 

Vina  Monastery 

122° 

oi+' 

202 

1958- 

Private 

21.27 

East  Side 

1+0° 

k9' 

1911-19, 

Montgomery  Cr .   2 

SSW 

121° 

1+0° 

56' 

1+8' 

2,100 

191+1- 

USWB 

52.13 

Round  Mountain 

121° 
1+0° 

57' 
01' 

2,010 

1951- 

USWB 

55.52 

Kilarc  P.H. 

121° 
1+0° 

52.3' 
36' 

2,700 

1921- 

PG&E 

^2.33 

St.  Vrain  Ranch 

121° 

59' 

1,600 

I92I+-28 

Private 

*  Dash  following  year  indicates  continuous  record. 
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TABLE  1  (Continued) 


PRECIPITATION  STATIONS  IN  OR  ADJACENT  TO  THE 
UPPER  SACRAMENTO  RIVER  BASIN 


Station 

Latitude 

and 
Longitude 

Elevation 

Above  Mean 

Sea  Level, 

in  Feet 

Per  iod 

of 
Record* 

Source 

of 
Record 

Estimated  Mean 

Annual 

Precipitation, 

in  Inches 

East  Side  (Continued) 

ko° 

36.1- 

Whitmore  h   ESE 

121° 

50.8- 
23- 

2,900 

1952- 

USER 

Millville 

122° 

10.5' 
32- 

510 

1952- 

Private 

33.04 

Macumber 

121° 
i+0° 

hk' 
32- 

4,000 

1922-30 

PG&E 

44.00 

Manzanita  Lake 

121° 

Uo° 

3V 
2k' 

5,850 

1941- 

USWB 

42.25 

Coleman  F.  H. 

122° 
1|0° 

09' 
25-9' 

420 

1943- 
1937-^3, 

USWB 

25.19 

Darrah  Springs  F.  H. 

121° 

Uo° 

59-7' 
27' 

975 

1957 

DFG 

25-55 

Volta  P.  H. 

121° 

Uo° 

52' 
26.2' 

2,200 

1919- 

USWB 

32.90 

Manton  1  E 

121° 
^0° 

50.8- 

26' 

2,395 

1955-58 

Private 

Forward  Mill 

121° 
40° 

kh' 
18.8' 

3,300 

1951- 

USWB 

36.72 

Dales 

122° 
1+0° 

09-2' 
20' 

6  00 

1952- 

Private 

27.23 

Paynes  Creek 

121° 

4o° 

54' 
20.9' 

1,850 

1951- 

USWB 

28.51 

Lassen  Lodge  2  W 
1 

121° 
Uo° 

45.1' 
21' 

3,600 

1952- 

USBR 

•  Mineral 

121° 
40° 

36' 
02' 

4,850 

1909- 

USWB 

48.91 

Campbellville 

121° 

^3' 

4,000 

1951- 

USBR 

^9-37 

*   Dash  following  year  indicates  continuous  record. 
'  Abbreviation  Agency 


DWR 

USWB 

USBR 

PG&E 

UC 

DFG 


California  Department  of  Water  Resources 
United  States  Weather  Bureau 
United  States  Bureau  of  Reclamation 
Pacific  Gas  and  Electric  Company 
University  of  California 
Department  of  Fish  and  Game 
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presently  serving  beneficial  purposes,  plus  v/ater  spilled  from  Shasta 
Reservoir,  comprise  the  -v/ater  that  is  available  for  development  as  new 
conservation  yield. 

Stream  Gaging  Stations  and  Records 

The  flow  of  most  major  streams  in  the  basin  has  been  measured 
for  many  years  under  a  cooperative  program  of  the  U.  S.  Geological  Svirvey 
and  the  Department  of  Water  Resources,  and  by  other  public  and  private 
agencies.  Long-term  records  are  available  on  the  Sacramento  River  and  near 

the  mouths  of  most  major  tributaries.  Table  2  lists  the  stream  gaging 
stations  in  and  near  the  basin  and  gives  the  Department  of  V/ater  Resoiorces' 
index  number,  the  drainage  area  of  the  station,  the  period  of  record  at 
each  station,  and  the  soiirce  of  record.  Locations  of  the  gages  used  in 
hydrologic  studies  for  this  investigation  are  shown  on  Plate  2. 

Runoff  Characteristics 

The  distribution  of  runoff  in  the  west  side  streeuns  is  closely 
related  to  the  precipitation  pattern.  Many  of  the  smaller  west  side  streams 
dry  vip  entirely  during  the  summer  months,  while  flow  in  the  main  streams  is 
substantially  reduced.  The  contribution  of  snowmelt  to  runoff  from  these 
streams  is  not  appreciable,  since  more  than  90  percent  of  the  area  is  below 
5,000  feet  in  elevation.  Streams  on  the  east  side  have  high  runoff  peaks 
of  longer  d\iration  than  west  side  streams,  and  usually  carry  sustained  flow 
thro\;ighout  the  summer  months.  The  sustained  flo\/s  are  attributable  to  two 
factors:   first,  snow  at  the  higher  elevations  tends  to  defer  a  portion 
of  the  runoff  to  the  spring  months;  and  second,  the  porous  volcanic  soil 
acts  as  a  regulator  by  allowing  the  winter  precipitation  to  penetrate  into 
its  pervious  structiire  and  then  slowly  return  to  the  stream  systems. 

Q\iantity  of  Rvmoff 

Estimates  of  natural  and  impaired  runoff  of  the  streams  in  the 
Ifpper  Sacramento  River  Basin  were  made  from  available  streamflow  records, 
and  from  correlations  with  precipitation  in  the  tributary  stream  basin. 
The  estimated  full  natxiral  runoff  originating  in  the  basin  for  the  selected 
base  period  is  about  2  million  acre-feet  annually. 

The  20-year  period  from  October  1,  1921,  through  September  30, 
19^1,  was  chosen  as  the  base  period  for  reservoir  operation  studies  to 
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TABLE  2 

STREAM  GAGING  STATIONS  IN  OR  ADJACENT 
TO  THE  UPPER  SACRAMENTO  RIVER  BASIN 


DWR 

Drainage 

Period 

Source 

Index 

Stat  ion 

Area,  in 

of 

of 

Number 

Square  Miles 

Record* 

Record 

Main  Stem 

2  3050 

Pit  River  near  Ydalpom 

5,350 

1911-i+3 

USGS 

2  3050 

Mc Cloud  River  at 

Baird 

665 

1911-43 

USGS 

2  1200 

Sacramento  River 

at  Antler 

U6I 

1910-11, 
1919-41 

USGS 

2  1060 

Sacramento  River 

at  Kennett 

6,580 

1925-42 

USGS 

2  1050 

Shasta  Lake  near 

Redding 

6,665 

1942- 

USBR 

2  1010 

Sacramento  River 
(downstream) 

at  Keswick 

6,710 

1938- 

USGS 

0  2835 

Sacramento  River 

near  Redding 

1945-52, 
1954- 

DWR 

0  2815 

Sacramento  River 

at  Balls  Ferry 

1945-52, 
1954 

USBR 
DWR 

0  2790 

Sacramento  River 

at  Jellys  Ferry 

9,090 

1895-1902 

USGS 

0  2780 

Sacramento  River 
Bluff 

at  and  near  Red 

9,300 

1902 

USGS 

0  2770 

Sacramento  River 

at  Red  Bluff 

1957- 

DWR 

0  2760 

Sacramento  River 

at  Redbank  Creek 

1951- 

USBR 

West  Side 

3  6230 

Clear  Creek  at  French  Gulch 

115 

1950- 

USGS 

3  6180 

Clear  Creek  near 

Shasta 

172 

1911-13 

USGS 

3  6130 

Clear  Creek  near 

Igo 

228 

1940- 

USGS 

3  5160 

North  Fork  Cottonwood  Creek  near 

12 

1919 

USGS 

Ono 

3  5170 

Moon  Creek  near  Ono 

9.6 

1919 

USGS 

3  5150 

North  Fork  Cottonwood  at  Ono 

52 

1907-13 

USGS 

0  35^5 

North  Fork  Cottonwood  near  Igo 

88.7 

1956- 

DWR 

0  3580 

Middle  Fork  Cottonwood  near  Ono 

250.7 

1956- 

USGS 

0  3565 

Dry  Fork  of  South  Fork  Cottonwood 
near  Cottonwood 

148.1 

1958- 

DWR 

0  3595 

South  Fork  Cottonwood  near 

219.1 

1958- 

DWR 

Cottonwood 

0  3520 

Cottonwood  Creek 

near  Cottonwood 

9U5 

1940- 

USGS 

0  3k6o 

Redbank  Creek  at 

Foothills 

89 

1948- 

DWR 

0  3320 

Elder  Creek  at  Gerber 

136 

1949- 

USGS 

0  3350 

Elder  Creek  near 

Henleyville 

130 

1930-41 

USGS 

3  3110 

Elder  Creek  near 

Paskenta 

92.9 

1948- 

USGS 

3  2120 

Thomes  Creek  at  ] 

^askenta                I88 
;ates  continuous  record. 

1920- 

USGS 

*  Dash  following  year  indie 
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TABLE  2  (Continued) 

STREAM  GAGING  STATIONS  IN  OR  ADJACENT 
TO  THE  UPPER  SACRAMENTO  RIVER  BASIN 


DWR 

Drainage 

Period 

Source 

Index 

station 

Area J  in 

of 

of 

Numter 

Square  Miles 

Record* 

Record 

East  Side 

k   8ij-00 

Little  Cow  Creek  near  Ingot 

60.6 

1957- 

DWR 

h   6375 

Salt  Creek  near  Bella  Vista 

lU.O 

1957- 

DWR 

h   8350 

Little  Cow  Creek  at  Palo  Cedro 

1^5 

1911-14 

USGS 

k   8200 

Oak  Run  Creek  near  Oak  Run 

11.2 

1957- 

USGS 

h   8250 

Clover  Creek  near  Oak  Run 

19.0 

1957-59 

USGS 

k   8160 

Clover  Creek  at  Millville 

53.4 

1911-14 

USGS 

k   8ii50 

Old  Cow  Creek  at  Kilarc  Diversion 

2k 

1921- 

PG&E 

k   8550 

South  Cow  Creek  at  Wagoner  Canyon 

50 

1920- 

PG&E 

k   8500 

South  Cow  Creek  near  Millville 

78.7 

1956- 

USER 

h   8300 

Cow  Creek  at  Millville 

166 

1911-14 

USGS 

h   8110 

Cow  Creek  near  Millville 

1+27 

1949- 

USGS 

u  0750 

Bear  Creek  near  Millville 

75.6 

1959- 

DWR 

4  0730 

Bear  Creek  near  Millville 

83.0 

1911-14 

USGS 

h   7300 

South  Fork  Battle  Creek  near 
Mineral 

33.0 

1959- 

DWR 

4  7110 

Battle  Creek  near  Cottonwood 

362 

1940- 

USGS 

0  4620 

Paynes  Creek  near  Red  Bluff 

92.5 

1949- 

USGS 

k  5110 

Antelope  Creek  near  Red  Bluff 

12i+ 

1940- 

USGS 

4  4i8o 

Mill  Creek  near  Mineral 

2k. ^ 

1928-32 

USGS 

4  Uiio 

Mill  Creek  near  Los  Molinos 

135 

1909-13 
1928- 

USGS 

4  3110 

Deer  Creek  near  Vina 

200 

1911-15, 
1920-37; 
1939- 

USGS 

*   Dash  following  year  indicates  continuous  record. 
Abbreviation  Agency 


DWR 
USER 
USGS 
PG&E 


California  Department  of  Water  Resources 
United  States  Bureau  of  Reclamation 
United  States  Geological  Survey 
Pacific  Gas  and  Electric  Company 
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determine  yields  through  the  critical  dry  period.  This  period  coincides 
^dth  the  period  selected  by  the  U.  S.  Bureau  of  Reclamation  for  their 
Central  Valley  Project  Operation  Studies;  it  includes  the  critical  dry 
period  of  record;  and  it  also  includes  a  series  of  above  normal  runoff 
years  to  provide  for  reservoir  filling  before  and  after  the  dry  period. 
The  average  seasonal  runoff  for  the  base  period  is  approximately  75  per- 
cent of  the  estimated  50-year  mean. 

For  convenience  of  presentation,  principal  streams  of  the  basin 
were  divided  into  three  major  groups:   (l)  the  main  stem  of  the  Sacramento 
River;  (2)  the  west  side  tributary  streams;  and  (3)  the  east  side  tribu- 
tary streams.  The  main  stem  is  that  portion  of  the  Sacramento  River  between 
Kesv.dck  Dam  and  the  City  of  Red  Bluff.  The  major  west  side  tributary 
streams  are  Clear,  Cottonwood,  and  Thomes  Creeks.  The  major  east  side 
tributary  streams  are  Cow,  Bear,  Battle,  and  Paynes  Creeks.  The  combined 
runoff  from  these  major  east  and  west  side  tributary  streams  supplies  approx- 
imately 85  percent  of  the  more  than  2  million  acre-feet  of  the  annual  runoff 
originating  within  the  basin. 

Table  3  presents  estimated  or  recorded  annual  runoff  at  selected 
locations  in  the  basin  and  Table  k   shows  the  average  monthly  distribution 
of  runoff  at  selected  locations  -v/ithin  the  basin. 

Flood  Hydrology 

Studies  were  made  to  determine  the  magnitude  of  the  probable 
maximum  flood  at  each  reservoir  site  and  to  determine  the  frequency  of  flood- 
ing in  areas  do\nistream  from  the  reservoir  sites. 

The  probable  maximum  flood  is  defined  as  the  flood  discharge 
that  may  be  expected  from  the  most  severe  combination  of  critical  meteor- 
ologic  and  hydrologic  conditions  that  are  reasonably  possible  in  the 
particular  hydrologic  region.  This  flood  discharge  was  computed  for  each 
reservoir  site  and  used  to  determine  the  required  spill\ra,y  design  capacity. 

Flood  frequency  analyses  were  made  for  flood  damage  study 
areas  for  conditions  of  "with"  and  "without"  the  project.  These  frequency 
analyses  were  used  in  conjiinction  \ath  flood  damage  estimates  to  determine 
flood  control  benefits  which  vrauld  accrue  to  a  project. 
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TABLE  3 

RECORDED  OR  ESTIMA.TED  HISTORIC  ANMJAL  RUNOFF 
AT  SELECTED  LOCATIONS  IN  THE  UPPER  SACRAMENTO  RIVER  BASIN 
(in  thousands  of  acre -feet) 


Sacrajnento 

Sacramento 

Thome s 

Cottonwood 

Cow 

Battle 

Water 

River 
ati/ 

River 
nearS/ 

Creek 
at2/ 

Creek 
nearl/ 

Creek, 
neari/ 

Creek, 
neari/ 

Year 

Shasta  Dam 

Red  Bluff 

Paskenta 

Cottonwood 

Millville 

Cottonwood 

1921-22 

^,622 

6,328 

193 

506 

445 

393 

1922-23 

3,648 

5,009 

146 

364 

330 

280 

I923-2U 

2>79 

2,972 

33 

82 

107 

205 

I92U-25 

5,065 

7,739 

284 

806 

266 

279 

1925-26 

3,728 

5,352 

144 

366 

242 

268 

1926-27 

6,987 

10,657 

337 

1,003 

491 

373 

1927-28 

5,120 

7,317 

257 

712 

i^l5 

344 

1928-29 

3,208 

4,122 

55 

i4i 

138 

219 

1929-30 

4,190 

5,815 

l42 

361 

4l6 

314 

1930-31 

2,539 

3,080 

54 

136 

110 

202 

1931-32 

3,694 

4,823 

113 

287 

266 

271 

1932-33 

3,471 

4,359 

88 

224 

144 

231 

1933-3^ 

3,321 

4,375 

74 

189 

227 

236 

193^-35 

4,917 

7,164 

154 

393 

360 

333 

1935-36 

4,673 

6,667 

190 

497 

37T 

313 

1936-37 

4,125  . 

5,778 

112 

285 

236 

283 

1937-38 

9,548 

14,396 

446 

l,44o 

1,053 

589 

1938-39 

3,465 

4,109 

65 

164 

160 

230 

1939-^0 

7,030 

10,256 

285 

1,6582/ 

673 

','j£/ 

I9U0-41 

8,716 

13,957 

432 

8l4 

20-year 

average 

4,727 

6,714 

180 

521 

364 

315 

1/  Estimated 

2/  Recorded 

TABLE  4 

ESTIMATED  MEAN  MONTHLY  DISTRIBUTION  OF  NATURAL  RUNOFF 

AT  SELECTED  LOCATIONS  IN  THE  UPPER  SACRAMEMK)  RIVER  BASIN 

(in  percent  of  seasonal  total) 


Location 

Oct 

Nov 

Dec 

Jan 

Feh 

Mar 

Apr 

May 

Jun 

Jul 

Au^ 

Sep 

Tota] 

Sacramento  River 

at  Red  Bluff 

3.4 

5.5 

9.3 

11.6 

17.7 

16.0 

l4.0 

8.3 

4.9 

3.4 

3.0 

2.9 

100.  ( 

Thoraes  Creek 

at  Paskenta 

0.3 

3.6 

9.5 

11.6 

20.8 

19.6 

19.0 

11.4 

3.4 

0.6 

0.1 

0.1 

100.  ( 

Cottonwood  Creek 

near  Cottonwood 

0.5 

3.2 

11.8 

14.6 

23.2 

20.7 

13.8 

6.9 

3.1 

1.0 

0.5 

0.7 

100.  ( 

Cow  Creek  near 

Millville 

0.8 

4.0 

16.7 

15-3 

20.6 

18.6 

10.3 

6.6 

3.2 

1.6 

1.3 

1.0 

100.  ( 

Battlecreek  near 

Cottonwood 

h.9 

6.7 

9.5 

9.9 

13.6 

12.6 

11.1 

11.0 

7.5 

5.0 

4.2 

4.0 

100.  C 
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Iciported  and  Exported  Water 

Large  quantities  of  vater  are  being  imported  to  the  "basin  from 
the  recently  constructed  reservoirs  of  the  Trinity  River  Division  of  the 
federal  Central  Valley  Project.  This  import  has  increased  the  flow  into 
the  Upper  Sacramento  River  Basin  by  about  850,000  acre-feet  annually. 
Trinity  River  i/ater  comes  into  the  basin  via  Clear  Creek.  V^iskeyto-vm 
Reservoir  regulates  this  crater  and  the  natirral  runoff  of  Clear  Creek  and 
diverts  it  via  the  Spring  Creek  conduit  and  powerhouse  into  KesiriLck  Reser- 
voir on  the  Sacramento  River.  The  major  portion  of  this  v/ater  passes 
through  the  Upper  Sacramento  River  Basin  for  use  in  A-ra-ter-deficient  areas 
elsewhere  in  the  State. 

Other  large  imports  of  vra,ter  from  the  North  Coastal  area  may 
pass  through  the  basin  in  the  future  enroute  to  \rater   deficient  areas  of 
the  State.  The  Westside  Conveyance  System,  which  would  divert  additional 
Trinity  River  water  into  the  Sacramento  Valley,  is  being  studied  by  this 
Department  and  by  the  federal  government  as  an  alternative  to  an  enlarged 
Clear  Creek  Diversion.  The  Westside  Conveyance  System  would  transport 
large  quantities  of  water  throiigh  the  basin  into  a  large  Glenn  Reservoir 
Complex  on  Thomes  and  Stony  Creeks.  Future  imports  from  the  Mddle  Fork 
Eel  River  might  also  be  diverted  into  the  Glenn  Reservoir  Complex. 

All  of  these  possible  future  imports  plus  natural  basin  surpluses 
mil  be  conveyed  by  the  Sacramento  River  and  diverted  downstream  for  use 
in  water-deficient  areas. 

Ground  Vlater 
Most  of  the  groxind  water  resources  of  the  Upper  Sacramento  River 
Basin  have  not  yet  been  fully  developed.  Due  to  the  ready  accessibility 
of  high  quality  surface  water,  groiind  \ia.ter  has  only  recently  begun  to  be 
of  major  importance  for  agricultural  use.  However,  most  local,  municipal,  and 
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industrial  water  requirements  are  presently  satisfied  by  groimd  tTater  pump- 
ing. Because  of  the  lack,  of  need,  little  geologic  and  geohydrologic  data 
have  been  collected.  However,  available  data  indicate  that  large  quantities 
of  high  quality  ground  water  may  be  obtained  economically  throughout 
extensive  areas  of  the  Upper  Sacramento  River  Basin. 

The  Redding  ground  vrater  basin  contains  most  of  the  usable  gro\ind 
water  in  the  Upper  Sacramento  River  area.  This  basin  lies  partly  in  south 
central  Shasta  Co\mty  and  partly  in  north  central  Tehama  County.  It  is 
botmded  on  the  north  by  the  Klamath  Mountains,  on  the  west  by  the  foothills 
of  the  Klamath  Moimtains  and  the  northern  Coast  Range,  and  on  the  south  oy 
the  Red  Bluff  arch,  a  structural  uplift  which  trends  northeasterly  across 
the  Sacramento  Valley  in  the  vicinity  of  Red  Bliiff .  The  eastern  boundary 
is  arbitrarily  defined  as  being  at  the  foothills  of  the  Cascade  Range 
althoiogh  it  is  recognized  that  a  small  part  of  the  basin  extends  further  to 
the  east. 

Important  fresh- water-bearing  geologic  formations  in  the  basin 
are  alluviiom,  the  Red  Bluff  formation,  and  the  Tehams.  and  Tuscan  formations. 
The  Tuscan  and  Tehama  formations  comprise  the  principal  ivater-bearing 
deposits  in  the  basin. 

Recharge  of  the  ground  water  is  accomplished  mainly  by  percola- 
tion of  water  at  higher  elevations  followed  by  slow  subsurface  movement  to 
the  valley.  Some  direct  recharge  occurs  in  the  valley.  The  recharge  has 
been  sufficient  in  the  past  to  allow  only  minor  seasonal  fluctuations  in 
the  level  of  the  water  table. 

No  determination  of  the  safe  ground  i^ra-ter  yield  \Tas   made. 
However,  since  the  average  annual  water  table  elevation  has  remained  essen- 
tially constant  since  1955^  it  is  believed  that  the  safe  groimd  -vrater  yield 
is  greater  than  present  extractions.  Waters  imported  from  the  Trinity  River 
to  the  Happy  Valley  area  and  the  Bella  Vista  V/ater  District  \d.ll  provide 
additional  recharge  to  the  Redding  ground  water  basin.  A  detailed  discus- 
sion of  ground  v/ater  studies  in  the  Upper  Sacramento  River  Basin  Investi- 
gation are  presented  in  Chapter  V. 
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Water  Quality 

The  objectives  of  the  water  quality  study  made  in  connection 
\d.th  this  investigation  were:  (l)  to  determine  present  quality  conditions 
of  surface  and  groimd  water;  (2)  to  detect  any  water  quality  problems; 
and  (3)  to  evaluate  vra.ter  q-uality  aspects  of  proposed  water  development 
projects. 

Quality  of  Surface  VJaters 

Surface  waters  in  the  Upper  Sacramento  River  area  are  of 
excellent  mineral  quality  suitable  for  most  beneficial  uses.  Most  of 
the  water  can  be  classed  as  calcium-magnesium  bicarbonate  in  type. 
Exceptions  to  this  classification  include  waters  in  the  upper  reaches  of 
Chum  and  Stillwater  Creeks,  which  are  classed  as  magnesium- sodivmi 
bicarbonate,  and  Clear  Creek,  which  are  classed  as  calcium- sodium  bicar- 
bonate. Detrimental  concentrations  of  minerals  have  not  been  detected  in 
any  of  the  major  streams  or  their  tributaries. 

The  range  and  average  value  of  mineral  constituents  of  siorface 

streams  in  this  area  are  as  follows: 

Constituent  Range         Average 

Boron,  in  parts  per  million  0.00-0,30  O.O9 

Chlorides,  in  parts  per  million  0.0-57*0  8.2 

Hardness,  in  parts  per  million  16-I68  60 
Total  dissolved  solids,  in 

parts  per  million  41-229  lOU 

Sodium,   in  percent  of  base 

constituents  ll-l^-O  23 

Water  with  the  above  characteristics  is  considered  Class  1 

(excellent  to  good)  for  irrigation  purposes.  This  ira.ter  is  slightly  hard, 

but  would  generally  require  no  softening.  A  comparison  of  characteristics 

of  the  surface  water  in  the  investigational  area  with  criteria  contained  in 

the  U.  S.  Public  Health  Service  Drinking  Water  Standards  of  I962  shows  that 

the  water  would  generally  be  of  satisfactory  mineral  quality  for  domestic 

and  municipal  uses.  Under  ultimate  development  of  irrigated  lands  in  this 

area.  Irrigation  ret\im  flows  could  have  a  deleterious  effect  upon  surface 

water  quality.  The  extent  and  magnitude  of  this  problem  cannot  be  thoroiighly 

evaluated  xontil  a  pattern  of  development  has  become  established. 
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Extensive  timber  resources  in  the  mountains  surrounding  the 
Upper  Sacramento  River  area  provide  a  definite  possibility  for  future 
development  of  timber  by-product  industries.  Wastes  from  these  industries 
could  create  a  source  of  water  quality  inrpairment,  unless  the  disposal  of 
these  wastes  is  suitably  controlled.  The  responsibility  for  exercising 
such  control,  pursuant  to  Division  7  (commencing  with  Sec.  13,000)  of  the 
Water  Code,  is  vested  in  the  Central  Valley  Regional  V'ater  Pollution 
Control  Board  (No.  5). 

A  few  miles  northwest  of  Redding,  just  outside  the  area  of  inves- 
tigation, lies  the  Iron  Mountain  region  containing  metallic  ore  deposits, 
some  of  which  are  presently  being  mined.  V/ater  draining  from  this  area, 
especially  via  Spring  Creek,  is  frequently  acidic  ajid  has  undesirable  con- 
centrations of  copper,  zinc,  iron,  aluminum,  and  other  toxic  salts  which 
are  leached  from  tailings  of  both  operating  and  abandoned  mines.  Waters  thus 
polluted  are  sometimes  lethal  to  fish,  and  adversely  affect  animal  and  plant 
organisms  on  which  fish  feed.  To  a]J.eviate  this  problem  the  U.  S.  Bureau 
of  Reclamation  recently  constructed  the  Spring  Creek  debris  dam  near  the 
mouth  of  Spring  Creek. 

Quality  of  Ground  Waters 

Ground  water  in  the  area  of  investigation  is  generally  of  excel- 
lent mineral  quality.  Poor  quality  water,  however,  does  exist  in  the  basin 
fringe  area  near  the  base  of  the  foothills  where  the  salt-water-bearing 
Chico  formation  rises  near  the  surface.  Except  for  these  local  areas  of 
inferior  quality,  the  gro-und  water  can  generally  be  classed  as  magnesium- 
calcium  bicarbonate  type  vath  a  range  and  average  value  of  mineral 
constituents  as  follows: 

Constituent  Ranp!;e         Average 

Boron,  in  parts  per  million  0.00-0.7^  0.07 

Chlorides,  in  parts  per  million  0.5-30.0  10.5 

Hardness,  in  parts  per  million  8-246  78 
Total  dissolved  solids,  in  parts 

per  million  66-300  162 
Sodium,  in  percent  of  base 

constituents  10- W  28 

Water  '^d.th  the  average  characteristics  listed  above  is  Class  1 
irrigation  water  and  is  generally  sxii table  for  domestic  and  industrial  uses. 
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Present  Vater  Resources  Development 

Although  extensive  developaent  of  the  surface  '..•a.ter  resources  of 
the  Upper  Sacracento  River  Basin  has  occurred,  there  reaains  a  large  anount 
of  -water  available  for  development  for  irrigation,  production  of  hydro- 
electric energy,  doaestic  and  nunicipal  use,  recreation,  and  other  benefi- 
cial purposes.  Many  nev  water  resources  developaents  have  occurred  in 
the  basin  in  recent  years,  and  several  nev  v/ater  service  agencies  have  been 
forced  to  take  advantage  of  these  developments. 

The  locations  of  existing  ^-rater  sitpply  developmaits  in  the  basin 
are  shoi-Ti  on  Plate  4,  ''Plans  for  Initial  Development" .  These  developnents 
are  described  in  the  following  sections  under  ^.-Test  Side  Area  and  East  Side 

"."est  Side  Area 

The  vest  side  area  cotttprises  the  drainage  basins  of  all  streauis 
•■est  of  the  Sacramento  River  between  Shasta  Dan  and  P»ed  Bluff,  plus  the 
Thomes  Creek  drainage  area  above  the  USG-S  stream  gaging  station  near  Paskenta, 
The  major  streauis  of  the  area  are  Clear  Creek,  Cottonwood  Creek,  and  Thomes 
Creek. 

Several  public  water  service  agencies  and  privately  ovned 
•..■ater  conipanies  provide  i.'ater  for  agricultural,  nunicipal,  industrial, 
and  domestic  uses.  The  principal  areas  of  ■.rater  use  are  the  Anderson- 
Cottonwood  Irrigation  District,  the  cities  of  Redding  and  Red  Eluff,  same 
lands  along  Cottomrood  Creek,  and  the  lands  served  by  the  Happy  Valley 
Water  COi^pany. 

The  Anderson-Cottonvood  Irrigation  District  diverts  '.vater  from 
the  Sacramaito  River  by  means  of  a  dan  located  Just  north  of  the  City  of 
Redding.  The  -..ater  is  conveyed  by  canal  for  irrigation  of  lands  -.dthin 
the  district,  including  some  lands  in  both  Shasta  and  Tehazia  Co-'jinty.  In 
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addition,  the  district  pumps  -ivater  from  the  Sacramento  River  for  irriga- 
tion in  the  Chum  Creek  Bottoms.  Municipal,  industrial,  and  domestic 
irater  supplies  needed  lathin  the  district  are  generally  obt8,ined  from  ground 
water  pumping. 

Redding  obtains  its  ■vra.ter  supply  by  pumping  from  the  Sacramento 
River.  The  v^ater  supply  for  Red  Bluff  comes  from  ground  x^jater  puraping, 
supplemented  by  diversions  from  Antelope  Creek. 

The  \rater  supply  of  the  Happy  Valley  Water  Company  is  obtained 
by  diversion  of  natiiral  streamflov;  from  the  Korth  Fork  of  Cottonvood  Creek 
and  several  of  its  tributaries,  supplemented  by  water  stored  in  Rainbovr 
Lake  on  the  North  Fork  of  Cottonwood  Creek.  The  company  serves  irrigation 
crater  to  lands  in  the  vicinity  of  Igo  and  Ono  and  to  the  Happy  Valley  area. 
Domestic  crater  supplies  for  the  Happy  Valley  area  are,  in  most  instances, 
pumped  from  groiuid  water.  The  people  of  this  area  have  recently  formed  the 
Clear  Creek  Community  Services  District  and  have  entered  into  a  contract 
vdth  the  Bureau  of  Reclamation  to  serve  the  Plappy  Valley  area  idth  water 
imported  from  the  Trinity  River.  In  addition,  four  other  community  service 
districts  have  recently  been  formed  in  the  west  side  area.  These  are 
KesidLck,  Shasta,  Centerville,  and  Cascade. 

The  rest  of  the  west  side  area,  comprising  the  irrigated  lands 
along  Cottonwood  Cr^ek  between  its  Worth  Fork  and  the  southern  boundary 
of  the  investigational  area,  obtain  water  by  diversion  of  strearaflows,  and 
by  ground  \Ta.ter  pumping. 

Rainbow  Lake,  V.Tiiskeytovm  Reservoir,  Kesmck  Reservoir,  and  the 
Clear  Creek,  Spring  Creek,  Shasta  and  Kes>/ick  Powerplants  are  the  major 
water  development  works  in  the  west  side  area.  Rainbow  Lake,  \7ith  a 
maximum  storage  capacity  of  ^,800  acre-feet  is  formed  by  Misselbeck  Dam 
on  the  Korth  Fork  of  Cottonwood  Creek. 

KesiTick  Reservoir,  with  a  storage  capacity  of  23,800  acre-feet, 
is  formed  by  Kes-idLck  Dam  on  the  Sacramento  River  and  is  used  to  reregulate 
power  releases  of  water  from  Shasta  Lake.  Kesvack  Reservoir  is  an  integral 
unit  of  the  Shasta  Division  of  the  Central  Valley  Project,  as  are  the 
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Shasta  and  Kes\d.ck  hydroelectric  poverplants.  These  tvo  plants  have  a 
combined  installed  capacity  of  45^,000  kilov.^tts,  and  both  use  vrater  stored 
in  Shasta  Lake  to  generate  pov.'er.  Surplus  wTiters  of  the  Trinity  River 
Basin  are  diverted  into  the  Upper  Sacramento  River  Basin  through  the  Clear 
Creek  Tunnel  to  the  130,000  kilovra.tt  Clear  Creek  Powerplant,  and  thence 
into  the  250,000  acre-foot  V/hiskejrtovn  Reservoir  on  Clear  Creelc.  From  this 
point.  Trinity  River  i.vater,  along  v/ith  the  natural  runoff  of  Clear  Creek, 
flows  throvigh  the  Spring  Creek  Tionnel  to  the  1^1-3,000  kilowatt  Spring  Creek 
Powerplant  and  then  into  KesAvick  Reservoir.  Flows  from  Spring  Creek 
Powerplant,  as  well  as  Shasta  Powerplant,  are  reregulated  in  Keswick  Reser- 
voir and  released  to  meet  requirements  of  the  Central  Valley  Project.  The 
U.  S.  Bureau  of  Reclamation  has  recently  completed  a  diversion  structure 
on  the  Sacramento  River  near  Red  Bluff.  This  structure,  called  the  Red 
Bluff  Diversion,  i/ill  release  irater  into  a  Tehama- Colusa  Canal  ajid  into  the 
existing  Corning  Canal.  These  canals  will  convey  v/ater  southward  for  use 
on  the  west  side  of  the  Sacramento  Valley. 

East  Side  Area 

The  east  side  area  comprises  the  drainage  basins  of  all  streams  on 
the  east  side  of  the  Sacramento  River  between  Shasta  Dam  and  the  City  of 
Red  Bluff.  The  two  principal  streams  of  the  area  are  Cow  and  Battle  Creeks. 
I'linor  streams  of  the  area  include  Chum,  Still\ra,ter,  Bear,  and  Paynes  Creeks. 
The  Cow-Battle  hydroelectric  power  system  of  the  Pacific  Gas  and  Electric 
Company  comprises  the  only  major  existing  \ra,ter  development  on  east  side 
streams . 

The  Cow  Creek  Bottoms,  comprising  lands  adjacent  to  Cow  Creek  and 
its  tributaries  belov:  an  elevation  of  about  600  feet,  is  the  principal  area 
of  present  water  use.  However,  scattered  parcels  of  land  at  higher  eleva- 
tions in  the  Cow,  Bear,  and  Paynes  Creek  drainage  basins  are  also  irrigated, 
as  well  as  some  lands  in  the  Stilli/ater  Plains.  In  the  Cow  Creek  Bottoms, 
gro\ind  v/ater  supplies  are  used  occasionally  to  supplement  surface  diversions. 
Some  lands  in  the  Still^ira.ter  Plains  are  also  irrigated  -vd-th  ground  \ra.ter. 
However,  the  amount  of  ground  v/ater  used  is  small  \Aien   compared  \-n.th   the 
quantity  of  V'ra.ter  obtained  from  svirface  sovirces. 

There  are  five  public  ijater  service  agencies  delivering  domestic 
water  in  the  east  side  area  below  Shasta  Dam.  These  are:  the  Summit  City 
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Public  Utility  District,  the  Shasta  Dam  Area  Public  Utility  District, 
the  Buckeye  County  Viater  District,  the  Enterprise  Public  Utility  District, 
and  the  recently  formed  V/onderlajid-Mountain  Gate  Community  Services 
District.  The  first  three  districts  obtain  \7ater  from  Shasta  Lake.  The 
Enterprise  Public  Utility  District  obtains  its  supply  by  pvunping  ground 
•vrater  from  gravels  adjacent  to  the  Sacramento  River,  and  the  Wonderland- 
Moxontain  Gate  Coramiinity  Services  District  is  developing  ground  irater  in 
the  area  north  of  Central  Valley  and  Project  City. 

The  Cow  Creek  Unit  of  the  Trinity  River  Division  of  the  Central 
Valley  Project  was  authorized  to  provide  agriciiltural  water  service  to  the 
Bella  Vista  Water  District.  In  1964,  the  voters  of  the  Bella  Vista  Water 
District  approved  a  repayment  contract  to  obtain  Trinity  River  water. 

Major  water  development  works  in  the  east  side  area  comprise  the 
Cow-Battle  hydroelectric  power  system  of  the  Pacific  Gas  and  Electric 
Company.  The  system  consists  of  North  Battle  Creek  (l,0l6  acre-feet)  and 
Macumber  (425  acre-feet)  Reservoirs,  and  six  small  power  plants  and  attend- 
ant condvdts  and  forebays.  Four  of  the  powerplants,  Kilarc,  Cow  Creek, 
Volta,  and  Coleman,  -vath  a  total  installed  capacity  of  24,4O0  kilowatts, 
are  in  Shasta  County.  South  and  Inskip  Powerplants,  in  Tehama  County,  add 
another  10,000  kilo^ratts  to  the  installed  capacity  of  the  system.  The 
powerplants  are  essentially  run- of- the- river  plants,  idth  Worth  Battle 
Creek  Reservoir  used  to  supplement  late  svunmer  streamflows.  I^Iacumber  Reser- 
voir is  no  longer  utilized  as  a  regulating  reservoir  because  of  excessive 
leakage.  However,  it  still  has  a  retarding  effect  on  the  flows  of  North 
Battle  Creek,  and  contributes  to  the  effectiveness  of  the  Cow-Battle 
hydroelectric  power  system. 

Service  Areas 
Five  potential  irrigation  service  areas  were  studied  during  the 
coiirse  of  this  investigation.  These  are  the  Cow  Creek,  Cottonwood  Creek, 
Happy  Valley,  Thomes  Creek,  and  Los  Molinos-Vina  Service  Areas.  The 
Thomes  Creek  and  Los  Molinos-Vina  Service  Areas  lie  outside  of  the  area  of 
investigation  but  coiild  be  served  from  surface  water  developments  ^vdthin 
the  Upper  Sacramento  River  Basin.  Since  initiation  of  this  study,  the 
Happy  Valley  Service  Area  has  become  the  previously  described  Happy  Valley 
Water  District  and  ivill  be  served  water  from  V/hiskeytoim  Reservoir.  The 


■32- 


other  four  potential  service  areas  are  shoim  on  Plate  3,  "Possible  Plans 
for  Development  and  Agricultural  Searvice  Areas  under  Initial  Consideration", 
and  described  in  the  follo;d.ng  sections. 

Cow  Creek  Service  Area 

The  Cow  Creek  Service  Area  is  located  to  the  east  and  southeast 
of  Redding  in  Shasta  County.  The  area  contains  about  28,800  acres,  which 
is  divided  into  three  subareasj  Stilliira.ter  Plains,  Cow  Creek  Bottoms,  and 
Millville  Plains.  Stillwater  Plains,  the  largest  of  the  subareas,  com- 
prises moderately  dissected  terraces  between  Chum  Creek  on  the  west.  Cow 
Creek  on  the  east.  Highway  kh   on  the  north  and  the  Sacramento  River  flood- 
plain  of  Cow  Creek,  but  includes  some  lower  terraces  of  the  Stillv/ater 
Plains  area  on  the  vrest.  Millville  Plains  consists  of  moderately  dis- 
sected high  terraces  between  the  floodplains  of  Cow  Creek,  Bear  Creek  and 
the  Sacramento  River. 

Cottonwood  Creek  Service  Area 

The  Cottomraod  Creek  Service  Area  is  located  west  and  southwest 
of  the  adjoining  Anders on- Cottonwood  Irrigation  District.  The  service  area 
is  located  in  both  Shasta  and  Tehama  Coimties.  It  contains  22,60O  acres 
and  is  divided  into  three  subareas  :  Gas  Point  Road,  Evergreen  Road,  and 
Bowman  Road.  The  Gas  Point  Road  subarea  lies  along  the  main  stem  of  Cotton- 
wood Creek  betv/een  the  junction  of  the  North  and  Middle  Forks  and  the  mouth 
of  the  South  Fork.  The  Bovmian  Road  subarea  lies  along  the  South  Fork  Of 
Cottonwood  Creek.  The  Evergreen  Road  subarea  lies  parallel  to  and  north- 
west of  the  Bownan  Road  subarea. 

Thomes  Creek  Service  Area 

The  Thomes  Creek  service  area  adjoins  Thomes  Creelc  and  is  located 
west  of  Corning.  The  eastern  bovindary  adjoins  the  Coming  Canal  service 

area  of  the  Bureau  of  Reclamation.  There  are  39^500  acres  in  the  Thomes 
Creek  service  area. 

Los  Molinos-Vina  Service  Area 

The  Los  Molinos-Vina  service  area  lies  between  the  cities  of 
Chlco  and  Red  Bluff  on  the  east  side  of  the  Sacramento  River.  It  is  bo\mded 
by  Rock  Creek  on  the  south,  the  valley  floor  line  on  the  east  and  north. 
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and  a  combination  of  the  Southern  Pacific  Railroad,  U.  S.  Highway  99E,  and 
the  Chico  Canal  service  area  on  the  west.  This  service  area  -v/as  considered 
for  service  from  surface  ivaters  developed  ii/ithin  the  Upper  Sacramento  River 
Basin  but  it  was  determined  that  it  could  more  economically  be  served  from 
underlying  ground  water,  and  by  development  of  surface  supplies  from  east 
side  streams.—'   Consequently,  this  area  was  eliminated  from  further 
consideration. 

Land  Use 
The  initial  steps  in  estimating  water  requirements  of  the  potential 
project  service  areas  were  to  determine  the  present  and  future  patterns  of 
land  use.  The  present  pattern  of  land  use  ira,s  determined  by  field  surveys. 
The  future  pattern  of  land  use  was  estimated  from  lajid  classification  data 
and  economic  forecasts.  Present  and  projected  land  use  patterns  are 
tabulated  for  each  potential  project  service  area  at  the  end  of  this  section 
(Tables  5,  6,  and  ?). 

Present  Pattern  of  Land  Use 

Land  use  surveys  were  conducted  in  the  potential  project  service 
areas  during  I961.  The  predominant  use  of  irrigated  lands  in  the  potential 
project  service  areas  is  for  livestock  production.  Alfalfa,  improved 
pasture,  and  grain  and  grain-hay  crops  make  up  approximately  85  percent  of 
the  presently  irrigated  lands  in  these  areas. 

Probable  Future  Land  Use  Pattern 

The  predicted  future  pattern  of  land  use  for  irrigated  agriculture 
and  urban  and  suburban  development  was  used  for  estimating  the  future  v/ater 
requirements  of  the  potential  project  service  areas. 


1/  The  Possibility  of  developing  surface  supplies  from  east  side 

streams  is  being  studied  as  a  part  of  the  Department's  "Sacramento 
Valley  East  Side  Investigation",  to  be  published  in  1966  as 
Bulletin  Ko.  13?. 
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Irrigaliility  and  crop  adaptability  were  basic  considerations 
in  classifying  agriculttiral  lands.  Wot  all  of  the  gross  irrigable  area 
would  require  ■i-ra.ter  service.  To  estimate  the  future  net  irrigable  areas 
requiring  -ivater  service,  factors  of  reduction  were  applied  to  the  gross 
irrigable  area.  These  factors  accounted  for  farm  lots,  roads,  canals, 
and  other  incidental  nonirrigable  areas  determined  by  considering 
difficulty  of  development,  size,  shape,  and  location  of  the  lands. 

Any  projection  of  future  crop  patterns  must  be  generalized. 
For  instance,  since  the  raising  of  livestock  is  presently  the  dominant 
segment  of  the  agricultural  industry  in  the  basin,  it  appears  reasonable 
that  the  projection  should  be  weighted  heavily  in  favor  of  crops  necessary 
in  raising  livestock.  Similarly,  as  the  population  of  California  increases, 
it  is  expected  that  urban  encroachment  on  those  deciduous  orchard  and 
truck  crops  now  gro\in   adjacent  to  metropolitan  areas  of  the  State  ->ri.ll 
increase,  and  the  production  of  these  crops  \i±ll   shift  to  suitable  lands 
in  areas  like  the  Upper  Sacramento  River  Basin.  For  this  reason,  a  moderate 
acreage  of  these  crops  \ras   included  in  the  estimated  future  crop  pattern  of 
the  basin. 

Crop  patterns  may  vary  considerably  during  any  given  ye?.r  or 
series  of  years  because  of  economic  conditions  or  other  unforeseen  factors. 
The  primary  purpose  of  projecting  future  crop  patterns  for  this  investigation 
\TD.s   to  provide  a  means  for  estima,ting  future  iv-ater  requirements  and  to  pro- 
vide data  required  to  estimate  benefits  from  increased  crop  production.  The 
patterns  as  projected  appear  reasonable  and  adequate  for  this  purpose.  It 
i/as  assumed  that  project  development  in  each  area  would  be  completed  in  1970 
and  that  the  buildup  period  required  to  reach  near  maximum  irrigated  acreage 
V70uld  be  about  10  years. 

Forecasts  of  future  population  were  used  to  estimate  amount  and 
type  of  lands  urbanized  during  each  decade.  These  forecasts  were  based  on 
the  assumption  that  full  development  of  all  natural  resources  would  be 
attained  in  the  basin.  Agriculture  and  timber  resources  nov;  support,  either 
directly  or  indirectly,  about  two- thirds  of  the  population.  Under  ultimate 
conditions,  it  is  expected  that  employment  in  agriculture  asid   forest 
products  industries  will  double,  while  the  population  \sdll  increase  nearly 
four-fold.  It  is  anticipated  that  a  substantial  portion  of  the  population. 
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TABLE   5 

COW  CREEK  SERVICE  AREA 
PROJECTED  LAND  USE,    IN  ACRES 
1960-2020 


Land  Use 

i960 

1970 

1980 

1990 

2000 

2010 

2020 

1. 

Irrigated  Lands 

Orchard 

100 

200 

600 

800 

700 

500 

i+00 

Field 

100 

100 

1,900 

1,800 

1,600 

1,300 

1,000 

Truck 

300 

300 

600 

600 

300 

200 

200 

Grain 

* 

* 

800 

600 

500 

i+00 

200 

Alfalfa 

200 

i).00 

1,300 

1,300 

1,000 

600 

i+00 

Pasture 

1,600 

1,800 

6,100 

6,i+00 

6,000 

5,000 

3,800 

Subtotal 

2,300 

2,800 

11,300 

11,500 

10,100 

8,000 

6,000 

2. 

Urban  Lands 

300 

1,600 

3,900 

6,900 

9,i^oo 

12,200 

15,000 

3. 

Nonirrigated, 
Irrigable  Lands 

17,300 

15,600 

5,200 

2,U00 

1,700 

1,600 

1,000 

h. 

Non irrigable  and 

8,900 

8,800 

8,i+oo 

8,000 

7,600 

7,000 

6,800 

Other  Miscellaneous 

Lands  *^ 

Total 

• 

28,800 

28,800 

28,800 

28,800 

28,800 

28,800 

28,800 

* 

Less  than  50  acres. 

** 

Other  miscellaneous 

lands  include  farm 

lots,  roads,  canals,  and 

other  incidents 

nonirrigable  areas  . 
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TABLE  6 

COTTONWOOD  CREEK  SERVICE  AREA 
PROJECTED  LAND  USE,    IN  ACEES 
1960-2020 


j 

Land  Use 

i960 

1970 

1980 

1990 

2000 

2010 

2020 

,  1. 

Irrigated  Tpa.nds 

Orchard 

100 

200 

1,000 

l,i|00 

1,500 

1,500 

1,500 

Field 

0 

* 

1,300 

1,500 

1,600 

1,600 

1,600 

Truck 

0 

* 

500 

600 

700 

800 

800 

Grain 

0 

* 

600 

600 

500 

500 

500 

Alfalfa 

100 

300 

2,300 

2,300 

2,100 

2,000 

2,000 

Pasture 

900 

2,900 

5,300 

5,100 

5,100 

5,100 

5,100 

Subtotal 

1,100 

3.^00 

11,000 

11, 500 

11,500 

11,500 

11,500 

2. 

Urban  Lands 

* 

* 

* 

* 

* 

* 

* 

3. 

Nonirrigated, 
Irrigable  lands 

11,500 

9,200 

1,600 

1,100 

1,100 

1,100 

1,100 

h. 

Nonirrigable  and 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

10,000 

Other  Miscellaneous 

Lands  ** 

Total 

22,600 

22,600 

22,600 

22,600 

22,600 

22,600 

22,600 

* 

Less  than  50  acres. 

** 

Other  miscellaneous 

lands  include  farm 

lots,  roads,  canals,  and 

other  incidental 

nonirrigable  areas . 
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TABLE  7 


THOMES  CEEEK  SERVICE  AREA 
PROJECTED  LAND  USE,    IK  ACRES 
1960-2020 


Land  Use 

i960 

1970 

1980 

1990 

2000 

2010 

2020 

1. 

Irrigated  Lands 

Orchard 

0 

200 

1,100 

1,700 

1,900 

1,900 

1,900 

Field 

* 

* 

3,000 

3,100 

3,200 

3,300 

3,^00 

Truck 

* 

* 

600 

600 

600 

600 

600 

Grain 

* 

* 

800 

600 

500 

i^OO 

300 

Alfalfa 

100 

200 

2,700 

2,700 

2,600 

2,600 

2,600 

Pasture 

800 

1,000 

7,100 

8,100 

8,800 

9,500 

10,200 

Subtotal 

900 

i,Uoo 

15,300 

16,800 

17,600 

18,300 

19,000 

2. 

Urban  Tands 

100 

100 

100 

100 

100 

100 

100 

3. 

Nonirrigated, 
Irrigable  lands 

21 

,000 

20,500 

6,600 

5,100 

^,300 

3,600 

2,900 

k. 

Nonirrigable  and 

2J. 

,500 

17,500 

17,500 

17,500 

17,500 

17,500 

17,500 

Other  Miscellaneous 

Lands  ** 

Total 

39 

.500 

39,500 

39,500 

39,500 

39,500 

39,500 

39,500 

* 

Less  than  50  acres. 

•Jt* 

Other  miscellaneous 

lands 

include  farm 

lots,  roads,  canals,  and 

other  incidenta 

nonirrigable  areas . 
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at  the  time  of  full  development,  vd.ll  be  supported  by  recreational  activ- 
ities and  their  attendant  services.  Industries  in  urban  areas,  other  than 
the  forest  products  industry,  are  expected  to  support  the  population  to  a 
minor  extent  only. 

1/ater  RegirLrements 

Requirements  for  irrigation  water  supplies  in  the  potential 
project  service  areas  were  estimated  by  applying  appropriate  irrigation 
efficiency  factors  to  estimated  unit  consuraptive  use  of  applied  water 
data  published  in  Department  of  v/ater  Resources  Bulletin  Ko.  58?  "Worth- 
eastern  Cotinties  Investigation".  The  resulting  estimates  represent  the 
gross  quantity  of  water  which  must  be  delivered  to  the  farm  headgate  to 
supply  the  projected  crop  requirements. 

Water  requirements  for  urban  lands  were  also  estimated  for  each 
service  area.  Urban  water  requirements  were  determined  on  the  basis  of 
estimated  imit  water  requirements  and  the  projected  population. 

The  estimated  current  unit  -".rater  requirements  are  based  upon 
the  evaluation  and  adjustment  of  applicable  historical  urban  v;ater  use  data. 
Unit  water  requirements  for  each  futxire  decade  -i.-ere  determined  by  estimat- 
ing the  year  2020  unit  water  requirements,  and  then  assuming  a  constant 
rate  of  increase  from  the  time  of  project  completion  to  the  year  2020. 
Some  of  the  factors  considered  in  evaluating  the  year  2020  unit  water 
requirements  are  (l)  character  of  the  anticipated  urban  complete,  (2)  irri- 
gated land  area,  (3)  unit  consumptive  use,  {h)   irrigation  efficiency 
pertinent  to  lav/n  area,  and  (5)  internal  household  use. 

Cow  Creek  Service  Area 

Present  '.rater  use  in  the  Cow  Creek  service  area  is  supplied  from 
ground  irater  and  surface  diversions.  The  Stillvrater  Plains  subarea  is 
supplied  entirely  from  ground  vraterj  the  Cow  Creek  Bottoms  and  Millville 
Plains  subareas  are  supplied  by  s\irface  diversions  supplemented  by  ground 
irater  p-umping  dirring  the  later  part  of  the  irrigation  season  when  stream- 
flows  become  inadequate. 

Ground  water  satisfies  all  domestic  needs  in  the  Cow  Creek 
service  area  as  well  as  a  substantial  portion  of  the  present  irrigation 
requirements.  Even  so,  much  of  the  ground  -.rater  reservoir  remains  almost 
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untapped.  Available  data  indicate  that  little  change  in  depth  to  ground 
water  has  taken  place  during  recent  times  even  though  groimd  ira,ter  extrac- 
tions have  increased  considerably.  Consequently,  available  ground  vra,ter 
supplies  appear  to  be  more  than  adequate  to  meet  foreseeable  future  demands, 

Most  of  the  future  agricTiltural  utilization  of  irater  in  the  Gov 
Creek  service  area  \d.ll  probably  be  for  crops  associated  •^^dth  livestock 
production.  When  ultimate  development  is  reached  the  water  requirement 
for  the  entire  service  area  will  be  about  ^7,500  acre-feet  per  year.  Of 
this  amount  28,^+00  acre- feet,  or  about  60  percent  of  the  total  require- 
ment, -will   supply  urban  demands  resiilting  from  encroachment  by  the  City 
of  Redding  and  its  subvirbs.  In  estimating  per  capita  rates  of  urban  ivater 
use  under  future  conditions,  consideration  was  given  to  the  follo-i/ing: 
(l)  per  capita  water  use  increases  as  the  size  and  level  of  virban  centers 
increase,  and  (2)  per  capita  \ra,ter  use  increasesaas  the  standard  of  living 
increases.  The  projected  i^rater   requirements  for  this  service  area  are 
presented  in  Table  8. 

TABLE  8 

PROJECTED  VjATER  REQUIREI'IELJTS 
IN  THE  COW  CREEK  SERVICE  ARE^. 
IN  ACRE-EEET 


Use 

i960 

1970   1980 

1990 

2000 

2010 

2020 

Orchard 

200 

400  1,100 

1,500 

1,400 

1,000 

800 

Field 

200 

200  2,700 

2,500 

2,200 

1,800 

1,300 

Truck 

400 

500  1,000 

900 

500 

400 

300 

Grain 

* 

*      400 

300 

300 

200 

100 

Alfalfa 

800 

1,600  4,700 

4,600 

3,^0 

2,300 

1,500 

Pastiore 

6,500 

7,200  24,600 

25,800 

23,800 

19,800 

15,100 

Total  Irrigation 

Requirement 

8,100 

9,900  3^,500 

35,600 

31,600 

25,500 

19,100 

Urban  Requirement 

200 

1,400  4,500 

8,700 

13,900 

21,000 

28,400 

Total  Requirement 

8,300 

11,300  39,000 

44,300 

45,500 

46,500 

47,500 

*  Less  than  50  acre-feet 

Cottonwood  Creek  Service  Area 

Most  of  the  irater  presently  used  in  the  Cottonwood  Creelc  service 
area  is  supplied  from  ground  water.  In  addition  to  satisfying  all  domestic 
needs,  ground  -.rater  provides  most  of  the  ivater  for  lands  presently  irrigated 
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in  the  service  area,  although  some  of  the  irrigation  requirements  are  met 
by  diversions  from  Cottonwood  Creek. 

Most  of  the  future  agricultural  utilization  of  -irater  in  the  service 
area  i.all  be  for  crops  associated  with  livestock  production.  No  significant 
amounts  of  virban  or  suburban  v/ater  requirements  are  projected  for  this 
service  area.  The  small  farm  domestic  vra,ter  requirement  is  included  in  the 
agricultxxral  requireraent  presented  in  Table  ^. 

TABLE   9 

PROJECTED  WATER  REQUIREMEI\nS 
nj  THE  COTTOHV/OOD  CREEK  SERVICE  AREA. 
IK  ACRE- FEET 


Use 

i960 

1970 

1980 

1990 

2000 

2010 

2020 

Orchard 

200 

ifOO 

2,000 

2,800 

3,000 

3,000 

3,000 

Field 

0 

* 

2,300 

2,700 

2,900 

2,900 

2,900 

Truck 

0 

■X- 

800 

1,000 

1,200 

1,300 

1,300 

Grain 

0 

* 

300 

300 

200 

200 

200 

Alfalfa 

400 

1,000 

8,100 

8,000 

7,300 

7,000 

7,000 

Pasture 

3,600 

11,600 

21,200 

20,400 

20,itO0 

20,400 

20,400 

Total  Irrigation 

Requirement 

ij-,200 

13,000 

34,700 

35,200 

35,000 

34,800 

34,800 

Urban  Requirement 

* 

* 

* 

* 

* 

■X- 

•X- 

Total  Requirement 

4,200 

13,000 

34,700 

35,200 

35,000 

34,000 

34,800 

*     Less  than  50  acre-feet 

Thomes  Creek  Service  Area 

The  Thomes  Creek  service  area  has  less  than  5  percent  of  its 
irrigable  lands  presently  irrigated.  The  major  source  of  supply  to  the 
presently  irrigated  lands  is  by  surface  diversion  from  Thomes  Creek. 
Generally,  the  ground  crater  supply  in  the  service  area  is  inadequate,  although 
it  might  be  possible  to  develop  limited  economic  supplies  in  the  eastern 
portion  of  the  area. 

Nearly  the  entire  future  use  of  water  in  the  service  area  will  be 
for  agricToltural  purposes,  most  of  which  will  be  dedicated  to  crops  asso- 
ciated with  livestock  production.  Since  no  significant  amounts  of  xirban 
or  suburban  water  requirements  are  projected  for  the  service  area,  the  small 
domestic  uses  are  included  in  the  agricvilt-ural  reqiiirements  presented  in 
Table  10. 
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TABLE  10 

PROJECTED  WATER  REQUIREI-IENTS 

IK  THE  THOMES  CREEK  SERVICE  AREA 

IN  ACRE-FEET 


TiF 


19bO  1970  1900  1990  2000  2010  2020 


Orchard  0 

Field  *    . 

Truck  * 

Grain  * 

Alfalfa  iKX) 

Pastiire  3,200 
Total  Irrigation 

Requirement  3^600 

Urban  Requirement  * 

Total  Requirement  3^600 


IjOO 

■X- 

* 

700 
4,000 


2,200 
5,i^00 
1,000 
400 
9,400 

28,400 


3,300 
5,600 

1,000 

300 
9,400 

32,400 


3,700 
5,800 

1,000 

200 

9,100 

35,200 


3,700 
5,900 

1,000 
200 

9,100 
38,000 


3,700 

6,100 

1,000 
100 

9,100 
40, 800 


5,100  46,800  52,000  55,000  57,900  60,800 


■X- 


5,100  46,800  52,000  55,000  57,900  60,800 


*     Less  than  50  acre-feet 
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CHAPTER  III.   IRON  CANYON  PROJECT 

The  possibility  of  constructing  a  major  deun  on  the  Upper  Sacramento 
River  has  been  under  intermittent  investigation  for  more  than  60  years.   Dur- 
ing this  period  numerous  studies  covering  several  sites  have  been  conducted 
by  various  federal,  state,  and  local  agencies.  Reservoirs  remging  in  size 
from  a  few  hundred  thousand  to  several  million  acre-feet  have  been  considered. 

Selection  of  a  favorable  damsite  on  the  Upper  Sacramento  River  was 
considered  as  early  as  I90U  by  the  U.  S.  Reclamation  Service.   In  a  report 
to  the  Legislature  in  1931 >  the  Division  of  Water  Resources  recommended 
construction  of  Sxiasta  Reservoir  at  a  capacity  of  2,9ii-0,000  acre-feet. 
Studies  were  nonetheless  continued  in  the  1930 's  at  other  sites.  The  Bureau 
of  Reclamation  investigated  a  site  at  Table  Mountain  in  considerable  detail, 
as  an  alternative  to  Shasta  as  the  initial  reservoir  on  the  Sacramento  River. 
Finally,  the  Shasta  site  was  selected,  and  Shasta  Dam  was  constructed  in  the 
19i4-0's  with  a  storage  capacity  of  1^,500,000  acre-feet. 

Throughout  all  of  these  investigations,  it  was  genereilly  recognized 
that  a  reservoir  somewhere  in  the  vicinity  of  Red  Bluff  would  be  able  to 
provide  substantial  control  for  the  runoff  produced  between  Red  Bluff  and 
Shasta  Dam. 

In  19^^j  the  Chief  of  Engineers,  U.  L.-Army,  transmitted  to  the 

Congress  an  interim  report  recommending  Table  Louatain  Dam  and  Reservoir. 

In  Public  Law  53^ >  78th  Congress,  a  modified  version  of  Table  Mountain 

Reservoir  was  authorized  with  this  proviso: 

"...  that  this  modification  of  the  project  shall  not  be 
construed  to  authorize  the  construction  of  a  high  dam  at  Table 
Mountain  site  but  shall  authorize  only  the  low-level  project 
to  approximately  the  elevation  of  four  hundred  feet  above  mean 
sea  level,  said  low-level  dam  to  be  built  on  a  foundation  suf- 
ficient for  such  dam  and   not  on  a  foundation  for  future  construc- 
tion of  a  higher  dam." 

This  reservoir  would  store  only  553^000  acre-feet. 

In  19i»-5,  the  Corps  of  Engineers  \irged  the  substitution  of  an  Iron 

Canyon  Reservoir,  about  I5  miles  downstream,  as  an  alteraate  to  the  low 

Table  Moxjntain  Reservoir,  since  it  could  be  constructed  at  approximately  the 

same  cost,  it  woiild  interfere  less  with  existing  irrigation  development  ajad 

it  would  fit  in  better  with  the  high  Table  Mountain  project  proposed  for 

\LLtiraate  construction  by  the  U.  S.  Biireau  of  Reclamation.  The  Corps  concluded 
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from  its  studies  that  eua  earthfill  dam  coiold  be  built  at  the  site.  In  a 

letter  dated  December  k,   19*^-7^  the  Sacramento  District  Engineer  reported: 

"All  the  field  siirveys  amd  exploration  work  necessary  for 
preparation  of  contract  drawings  and  specifications  have  been 
substantially  completed,  the  size  of  the  powerplant  has  been 
determined  and  approved  by  the  Federal  Power  Commission,  and 
the  type  and  location  of  the  dam  and  its  appurtenances  have 
been  decided  upon." 

But  plans  and  specifications,  and  even  the  design  report,  were  never  comple- 
ted, and  no  money  was  appropriated  by  the  Congress. 

Several  circumstances  contributed  to  deferment  of  the  Iron  Canyon 
Project  at  that  time. 

1.  Any  reservoir  which  approaches  an  economically  optimum 
capacity  would  inundate  certain  agricultural  and  potential  indus- 
trial lands  within  Shasta  County  in  the  vicinity  of  the  comm\ini- 
ties  of  Anderson  and  Cottonwood. 

2.  An  anadromous  fishery  of  considerable  value  may  be 
undesirably  affected. 

3.  Foundation  conditions  at  the  damsites  are  adverse  and 
questions  had  been  raised  relative  to  the  structural  feasibility 
of  constructing  a  safe  dam. 

To  meet  the  aboye  objections  and  at  the  same  time  attempt  to 
develop  the  Upper  Sacramento  River  Basin,  additional  studies  were  initiated 
by  both  the  Bureau  of  Reclamation  and  the  Corps  of  Engineers.  These  studies 
considered  a  system  of  reservoirs  on  tributary  streams  as  an  alternative  to 
a  main  stem  reservoir,  primarily  for  flood  control  purposes.  Both  agencies 
found  such  a  plan  to  be  infeasible  under  then  current  conditions.   During 
these  investigations  the  Bureau  found  that  a  high  degree  of  flood  protection 
for  Butte  Basin,  the  area  to  be  protected,  could  be  obtained  by  the  construc- 
tion of  Black  Butte  Reservoir  and  additional  levees  and  channel  improvements 
within  Butte  Basin. 

In  19'4-8,  a  Division  of  Water  Resources  publication  titled 
"Alternative  Plans  for  Control  of  Floods  in  the  Upper  Sacramento  Valley", 
also  recommended  substitution  of  a  bypass  and  levee  system  to  protect 
Butte  Basin,  and  deferral  of  Iron  Canyon  or  alternative  storage  systems 
to  a  later  date.  However,  Bulletin  No.  3, "The  California  Water  Plan", 
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jniblished  in  1957?  included  em  Iron  Canyon  Reservoir  and  several  tributary 
reservoirs  in  its  ultimate  plans  for  development  of  the  Upper  Sacramento 
River  Basin. 

The  Iron  Canyon  Project  presented  in  this  chapter  was  analyzed 
first  on  the  basis  of  physical  feasibility  and  second  on  the  basis  of 
economic  justification.  Since  foundation  conditions  at  all  of  the  several 
possible  dajn  locations  are  far  from  ideal,  there  has  been  considerable 
concern  as  to  whether  or  not  a  safe  dam  could  be  built  at  any  of  the  sites. 
Consequently,  a  major  objective  of  this  investigation  was  to  select  the 
most  favorable  damsite  and  to  make  final  determinations  as  to  whether  or 
not  a  safe  dam  could  be  constructed. 

The  Department  of  Water  Resources,  with  the  help  of  a  board  of 
world  famous  consulteuits,  concluded  from  existing  data  and  geologic  sub- 
surface explorations  conducted  during  the  investigation  that  a  safe  dam  at 
the  Iron  Canyon  site,  about  k.^   miles  above  Red  Bluff,  could  definitely  be 
built.  The  consultants,  geologist  Roger  Rhoades  and  engineers  B.  E.  Torpen 
and  Phillip  C.  Rutledge,  concluded  in  September  I96O  that: 

"...  we  are  convinced  that  a  safe  dam  with  crest  at  or 
below  elevation  ii-20  and  a  spillway  capable  of  passing  the  maxi- 
miim  probable  flood  can  be  built  at  Iron  Canyon  in  the  general 
area  between  Plans  Nos.  1  and  k   prepared  by  the  department." 

However,  they  requested  additional  exploratory  work  and  testing  to  confina 

their  conclusion. 

After  the  necessary  testing  and  exploratory  work  was  completed, 
the  board  of  consultants  met  in  May  I96I,  and  again  concluded  that  a  safe 
dam  could  be  built.  At  that  time  they  also  set  forth  various  suggestions 
concerning  the  type  of  dam  to  consider  and  the  methods  of  construction  to 
employ.  The  complete  consultants'  report  is  reproduced  as  Appendix  C  of 
this  report. 

The  Iron  Canyon  Project  presented  herein  would  meet  several 
multiple-purpose  water  needs  of  the  State  of  California.  It  would  provide 
a  measure  of  flood  control  protection  to  more  than  100,000  acres  of  land 
along  the  east  side  of  the  Sacramento  River  between  Red  Bluff  and  Colusaj 
it  would  produce  153,000  kilowatts  of  dependable  hydroelectric  power  capa- 
city, and  about  715,000,000  kilowatt  hours  of  electric  energy  annually 
for  use  within  and  outside  the  basin;  it  woiild  support  an  average  water- 
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associated  recreational  use  of  about  one  million  visitor  days  annually; 
and  it  woiild  develop  about  130,000  acre-feet  of  new  export  yield  to  the 
Sacramento-San  Joaquin  River  Delta. 

The  Iron  Canyon  Project  that  was  selected  to  meet  the  above  needs 
would  consist  of  the  following  project  featvires:   Iron  Canyon  Dam,  Powerplant, 
and  Reservoir  on  the  Sacramento  River  about  k.^   miles  above  Red  Bliiff ; 
Iron  Canyon  Afterbay  Dam  and  Reservoir  on  the  Sacramento  River  in  the 
vicinity  of  the  existing  Red  Bluff  Diversion  Reservoir  below  Red  Bluff; 
fish  hatchery  facilities  below  the  afterbay  dam;  fish  conveyeince  and  passage 
facilities  from  the  afterbay  dam  to  Iron  Canyon  Reservoir;  and  recreation 
facilities  at  both  of  the  project  reservoirs.  Each  of  these  featxires  is 
discussed  in  detail  in  the  following  sections  of  the  report. 

Iron  Canyon  Dam,  Powerplant,  and  Reservoir 
Economic  considerations  restrict  the  height  of  dam  which  can 
be  constructed  at  the  Iron  Canyon  site.  Above  an  elevation  of  about  ^4-20 
feet  serious  inundation  of  urban  areas  in  the  vicinity  of  Anderson  and 
Cottonwood  woiild  occur.  Therefore,  the  maximum  water  surface  elevation 
of  an  Iron  Canyon  Reservoir  at  extreme  flood  stage  was  limited  in  this 
investigation  to  approximately  i+15  feet.  The  inundation  of  productive 
lands  could  be  considerably  reduced  by  a  smaller  reservoir,  but  the  savings 
in  land  costs  wovild  not  offset  the  resulting  decrease  in  benefits. 
Similarly,  the  severity  of  the  anadromous  fisheries  problem  associated  with 
a  large  reservoir,  and  costs  of  such  items  as  the  spillway  and  diversion 
during  construction,  would  not  be  reduced  projwrtionately  with  a  smaller 
development.  Consideration  of  these  factors  resulted  in  the  selection  of 
a  reservoir  having  a  normal  water  surface  elevation  of  401  feet,  a  storage 
capacity  of  1,000,000  acre-feet,  and  a  surface  area  of  27,000  acres,  as 
the  optimum  size  . 

Flow  in  the  Sacramento  River  at  the  Iron  Canyon  damsite  consists 
of  natural  nmoff ,  releases  of  stored  water  from  Shasta  Reservoir,  and 
water  imported  from  the  Trinity  River.  This  flow  may  be  further  increased 
by  future  imports  from  the  North  Coastal  area. 

Although  rxinoff  originating  within  the  Upper  Sacramento  River 
Basin  study  area  is  essentially  uncontrolled,  it  is,  to  some  extent. 
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presently  serving  beneficial  purposes  in  the  Sacramento  River  and  in  the 
Sacramento -San  Joaquin  Delta. 

Under  the  existing  operation  of  the  Central  Valley  Project  by  the 
Bureau  of  Reclamation  and  the  future  operation  of  the  State  Water  Project 
"oy   the  Department  of  '.7ater  Resources,  releases  from  Shasta  Reservoir  comple- 
ment uncontrolled  do-vmstreaia  accretions  of  flow  to  fulfill  irrigation, 
domestic,  and  navigation  requirements.  Therefore,  the  amount  of  \ra.ter 
available  for  control,  regulation,  and  distribution  as  new  conservation 
yield  at  Iron  Canyon  Reservoir  wouild  be  that  portion  of  the  natural  runoff 
of  the  basin  not  presently  serving  beneficial  purposes,  or  designated  to 
serve  beneficial  uses,  plus  uncontrolled  spills  from  Kesvdck  Reservoir. 

The  average  armual  flow  s.vailable  for  poorer  generation  at  Iron 
Canyon  Reservoir  -iro;ild  be  about  7^260,000  acre- feet.  Of  this  amount, 
i|,  5^,000  acre- feet  would  be  committed  to  dovnistream  use  and  the  remaining 
2,720,000  acre-feet  would  be  available  for  development  of  conservation 
;>'ield.  Some  of  this  water,  if  controlled  and  regulated  by  storage  reser- 
voirs in  the  Upper  Sacramento  River  Basin  during  periods  of  excess  flows, 
and  released  during  periods  of  need,  could  produce  new  export  yields  for 
u'ater  deficient  areas  in  Central  end   Southern  California.  The  average  annual 
natural  runoff  originating  in  the  area  between  Shasta  Dam  and  Red  Bluff  is 
approximately  2,000,000  acre-feet.  Of  this  amount  east  side  tributaries 
contribute  about  900,000  acre-feet,  west  side  tributaries  contribute  about 
300,000  3.cre-feet,  and  the  reri:La,ining  300,000  acre-feet  originates  on  the 
valley  floor. 

Daiii 

The  damsite  selected  is  located  in  a  broad,  steep-w.lled  canyon 
carved  oy   the  Sacramento  River.  It  is  located  about  1,600  feet  do-smstream 
from  the  U.  S.  Geological  Survey  stream  gaging  station,  "Sacramento  River 
near  Red  Bluff" .  The  foundation  is  composed  of  the  Tuscan  formation  capped 
by  a  thin  gravel  deposit  knoijn  as  the  Red  Bluff  formation  which  is  also 
Imo^m  locally  as  the  High  Terrace  deposits.  All  of  the  beds  in  the  Tuscan 
formation  dip  do^mstreara  at  a  shallow  angle  of  3  to  ^4-  degrees  in  the  vicinity 
of  the  damsite.  The  Tuscan  formation  is  made  up  of  five  merabers  which  can 
be  subdivided  in  order  of  their  age  from  youngest  to  oldest  as:  the 
Sacramento  t'off  and  sand,  the  Iron  Canyon  agglomerate,  the  Seven  Ilile  tuff 
and  sand.  Bald  Hill  agglomerate,  and  the  Supan  tirCf  and  sand.  The  Sacramento 
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t\iff  and  sand  and  the  Iron  Cainyon  agglomerate  were  intensively  studied 
during  this  investigation  since  they  would  comprise  most  of  the  dam 
foundation. 

As  a  result  of  the  preliminary  study,  which  evaluated  data  from 
prior  investigations,  the  department  undertook  further  exploration  to  fill 
the  gaps  in  accumulated  knowledge.  In  1959-1960,  21  shallow  auger  holes 
were  drilled  to  explore  and  test  possible  borrow  materials  at  shallow 
depth.  One  deep  core  hole  was  also  drilled  to  obtain  samples  of  the  Iron 
Canyon  agglomerate.  During  this  program  several  field  and  laboratory 
tests  were  made  on  the  shallow  and  deep  foundation  materials  to  determine 
their  strength  and  permeability.  In  I96O,  after  presenting  the  results 
of  these  explorations  to  the  board  of  consultants,  the  department  conducted 
fxirther  exploration  as  recommended  by  the  board.  This  work  comprised 
drilling  of  additional  diamond  drill  holes  and  a  field  permeability  test 
on  the  Seven  Mile  tuff  and  sand  to  determine  if  uplift  pressures  in 
permeable  zones  would  be  a  serious  problem.  The  results  of  geologic 
investigations  are  contained  in  an  office  report,  "Engineering  Geology 
of  Iron  Canyon  Dam  Site  on  the  Sacramento  River",  in  the  files  of  the 
Department  of  Water  Resources. 

After  evalxoating  all  data,  it  was  concluded  by  the  board  of  con- 
sultants that  the  foundation  wo\ild  be  of  sufficient  strength  to  withstand 
loads  imposed  by  an  earthfill  dam  sind  appurtenant  structures  to  the  pro- 
posed heights.  Consequently,  a  zoned  earthfill  dam  with  a  fairly  exten- 
sive concrete  ogee  weir  spillway  section  and  power  intake  structure  was 
selected  at  this  site.  Typical  sections  of  the  main  dam  embankment,  dike, 
spillway,  and.   power  intake  structure  are  presented  on  Plate  5,  "Iron  Canyon 
Dam". 

The  dam  would  be  about  I75  feet  high,  5,800  feet  long,  and  kO   feet 
wide  at  the  crest.  It  would  consist  of  an  earthfill  embankment  across  the 
Sacramento  River  channel;  a  gravity  concrete  power  intake  structure  connec- 
ting the  right  abutment  of  the  main  dam  and  the  left  abutment  of  the  spill- 
way; an  extensive  concrete  ogee  weir  spillway  and  radial  gates  connecting 
the  power  intake  structure  with  a  wing  dam;  and  a  long,  low  wing  dam 
connecting  with  the  spillway  weir  and  the  right  abutment  of  the  dam 
foundation. 
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A  gated  spillway  was  selected  primarily  on  the  basis  that  it 
would  allow  the  reservoir  to  be  filled  to  its  full  capacity  during  non- 
flood  periods,  while  still  assuring  passage  of  the  tremendous  design  flood 
flows  with  a  much  lower  dam  crest  elevation  than  would  be  required  with  an 
imgated  spillway. 

Dam  Design.  The  section  for  the  main  embankment  wo\ald  consist  of 
three  main  zones,  as  shown  on  Plate  5-  The  impervious  core  section  would 
be  constructed  from  terrace  deposits.  These  deposits,  which  are  composed 
of  well-graded  materials  ranging  in  size  from  gravel  through  clay,  are 
described  in  detail  in  the  Department's  unpublished  office  geology  report. 
They  are  located  east  of  the  left  abutment  of  the  main  dam.  The  estimated 
usable  quantity  of  these  terrace  deposits,  which  average  6  feet  in  thickness, 
is  about  1,000,000  cubic  yards. 

The  Iron  Canyon  agglomerate  would  be  used  in  the  outer  zone 
(Zone  2)  of  the  embankment  section.  These  deposits  consist  of  volcanic 
mudflows  composed  of  large  angular  blocks  of  lava  in  a  tuffaceous  sand  and 
clay  matrix.  Approximately  1,600,000  cubic  yards  of  this  agglomerate  could 
be  salvaged  from  excavation  in  the  spillway  and  outlet  works  area.   In 
addition,  an  unlimited  source  of  this  material  could  be  obtained  from  the 
right  bank  of  the  river,  approximately  2,000  feet  upstream  from  the  dam 
axis. 

Drain  material  and  aggregate  would  be  obtained  from  stream  de- 
posited sand  and  gravels  (Zone  3)  located  along  Dibble  Creek,  three  and  one- 
half  miles  southwest  of  the  dam  axis.  These  deposits  iiave  an  average  depth 
of  12  feet  and  are  estimated  to  contain  1,500,000  cubic  yards. 

The  downstream  toe  and  the  upstream  face  of  the  dam  would  be  con- 
structed of  rockfill.  This  riprap  and  rock  material  would  be  obtained  from 
spillway  excavation  and  from  basalt  material  located  about  1+  miles  north- 
east of  the  dam  axis.   It  is  estimated  that  spillway  excavation  would 
provide  about  200,000  cubic  yards  of  agglomerate  boulders  which  might  be 
usable  for  riprap.  Additional  rock  would  be  obtained  by  quarrying  in  Zone  k. 

Embankment  details  would  include:   (l)  a  chimney  drain  to  prevent 
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erosion  of  the  core  material  and  to  lower  the  elevation  of  the  saturation 
line,  (2)  a  three-foot  layer  of  riprap  on  the  upstream  face  to  prevent 
erosion  by  vave  action  and  (3)  a  rock  toe  to  provide  protection  against 
maximum  tailwater  from  power  releases  and  spillway  discharges. 

The  wing  dam,  which  would  connect  the  concrete  spillway  section 
to  the  right  abutment,  would  be  a  homogeneous  section  consisting  of  agglo- 
merate excavated  from  the  spillway  channel,  with  a  gravel  chimney  drain. 

The  locations  of  possible  borrow  materials  are  shown  on  the 
materials  location  map  on  Plate  5- 

Spillway .  Comparative  cost  studies  were  made  on  various  spillway 
designs.  The  use  of  gated  spillways  with  and  without  auxiliary  spillways 
was  considered.   In  order  to  successfiilly  provide  all  possible  storage  and 
still  maintain  a  maximiau  flood  control  release  of  150,000  second- feet,  a 
spillway  with  fourteen  k^-   by  35-foot  radial  gates  placed  on  a 
massive  concrete  ogee  weir  section  was  selected.  In  addition,  a  concrete- 
lined  chute  and  approach  channel  would  be  required. 

The  spillway  woiold  be  located  on  the  right  abutment  in  dipping 
beds  of  agglomerate  with  overlying  tiiff  and  sand.  This  site  was  selected 
in  order  to  meet  requirements  of  the  consulting  board  that  there  be  a 
minimum  thickness  of  50  feet  of  agglomerate  xmder  the  concrete  control 
structure.  A  stilling  basin  would  be  provided  to  eliminate  erosion. 

Flood  routing  studies  to  determine  the  relationship  between  dam 
height  and  spillway  capacity  were  based  on  (l)  the  probable  maximum  flood 
(PMF)  hydrograph  having  a  peak  discharge  of  1,070,000  second-feet  and  a 
iv-day  volume  of  i+, 050,000  acre-feet,  and  (2)  the  standard  project  flood 
(SPF)  having  a  peak  discharge  of  550,000  second-feet  and  a  ij-day  volume  of 
2,Oi4-0,000  acre-feet. 

The  control  structure  was  designed  to  meet  both  normal  and 
emergency  discharge  requirements  in  accordance  with  the  following  operation 
criteria: 

1.  Under  normal  flood  operations,  water  woiild  be  released 
at  a  rate  equal  to  the  inflow  up  to  a  maximum  of  150,000  second- 
feet  whenever  the  reservoir  water  surface  is  between  elevation  3S^ 
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feet  and  ifOl  feet.  As  soon  as  the  reservoir  elevation  would  exceed 
il-Ol  feet,  the  gates  would  be  opened  completely. 

2.  Under  emergency  operations,  it  was  assumed  that  the  gates 
would  be  completely  closed  until  the  water  surface  reached  elevation 
ivOl  feet.   They  would  then  operate  at  a  1:1  ratio  rate  of  gate 
travel  to  rate  of  reservoir  rise  above  elevation  ^4-01  feet. 

Reservoir  flood  routing  studies  indicated  that  under  emergency 
operations  the  spillway  woiild  pass  the  probable  maximum  flood  inflow  of 
1,070,000  second- feet  with  a  maximxim  spillway  discharge  of  870,000 
second-feet  and  a  maximum  water  surface  elevation  ik   feet  above  normal 
pool  elevation.  This  would  leave  a  freeboard  of  5  feet,  which  was 
considered  adequate.  Under  normal  operating  conditions  the  spillway  would 
pass  the  standard  project  flood  inflow  of  550jOOO  second-feet  with  a  spill- 
way discharge  of  ^4-30, 000  second- feet.  With  this  flow  the  maximum  water 
surface  elevation  would  be  at  elevation  k03   feet,  or  only  2  feet  above 
the  normal  pool  elevation. 

The  Control  Structxxre  would  be  76O  feet  long,  120  feet  high,  and 
115  feet  wide  at  the  base.  The  maximiam  foundation  pressure  was  found  to  be 
8.5  tons  per  sq\iare  foot  which  was  well  within  the  allowable  limit  of  12 
tons  per  square  foot  recommended  by  the  Board  of  Consultaints.   In  order  to 
provide  a  tie  into  the  embankment  the  gravity  concrete  section  was  extended 
into  the  earthen  embamlonent  a  distance  of  I80  feet.  Retaining  walls  woiiLd 
be  provided  to  prevent  the  embanlonent  material  from  spilling  into  the  spi3_L- 
way  approach  channel  or  the  chute. 

The  Chute  slab  would  be  2  feet  thick  throughout  its  600-foot 
length.   It  would  have  a  maximum  width  of  7^0  feet  at  the  top,  narrowing 
to  500  feet  at  the  stilling  basin. 

The  Stilling  Basin  would  be  a  reinforced  concrete  structure  5OO 
feet  wide  and  230  feet  long  located  about  7OO  feet  downstream  from  the 
spillway  control  structure.  It  was  designed  to  pass  the  standard  project 
flood  outflow  of  14-30,000  cubic  feet  per  second.  Chute  blocks  and  an  end 
sill  would  be  provided  to  effect  a  hydraulic  jump.  A  zone  of  riprap  would 
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be  provided  for  a  distance  of  100  feet  beyond  the  basin  to  protect  the 
channel  against  scour. 

Outlet  '.,'orks  (Penstocks) 

FoiiT  22- foot-diameter  penstocks  would  be  installed  in  the  con- 
crete gravity  power  intake  structure  to  supply  stream  releases  and  to 
meet  the  demands  of  the  powerplant.  Semicircular  trashrack  structures 
would  be  provided  at  the  entrance  of  each  peiistock  from  elevation  310  feet 
to  elevation  4l5  feet.  Closure  of  the  penstocks  ^roiild  be  effected  by 
four  fixed-i7heel  ga.tes  which  vrauld  be  mounted  on  the  face  of  the  struc- 
ture. A   gnjitry  crane  would  be  provided  for  erection,  installation,  and 
maintenance  of  the  penstock  gates  and  in3ta,llation  and  removal  of  pen- 
stock stoplogs. 

Bypass  conduits  past  the  turbine  or  other  auxiliary  outlet  works 
are  not  included  in  this  plan  since  it  \nis   assumed  that  low  level  outlets 
would  not  be  reauired.  Dewatering  of  the  reservoir  to  about  elevation  333 
feet  could  be  accomplished  by  discharging  through  the  powerplant.  Below 
that  point  the  reservoir  could  not  be  lowered. 

Powerplant 

A  powerplant  would  be  constructed  at  the  base  of  Iron  Canyon 
Dam  and  would  consist  of  four  reaction  turbines.  It  would  be  designed  to 
operate  efficiently  at  heads  ranging  from  a  maximum  of  lii-5  feet  to  a 
minimum  of  92  feet.  Its  design  head  would  be  111  feet.  This  pov;erplant 
would  have  an  installed  and  a  dependable  power  capacity  of  153^000  kilo- 
■vstts  and  would  generate  an  average  of  approximately  715^000,000  kilo^^ra-tt- 
hours  of  electric  energy  annually. 

Reservoir 

Studies  were  made  of  Iron  Canyon  Reservoir  sizes  ranging  between 
600,000  and  1,000,000  acre- feet,  with  various  flood  control  storage  reser- 
vations and  i.dth  various  sizes  of  hydroelectric  power  development.  The 
best  reservoir  from  an  economic  standpoint  1/33  found  to  have  a  storage 
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capacity  of  1,000,000  acre-feet,  including  400,000  acre-feet  of  flood 
control  storage  reservation.  At  maximura  storage  pool  elevation,  401  feet 
USGS  datum,  the  reservoir  v/ould  inundate  o.bout  27,500  acres  of  land. 
In  addition  to  the  resei-voir  lands,  a  perimeter  strip  approximately  300  to 
500  feet  beyond  the  yater  surface,  and  additional  water-associated 
recreation  lands  vrould  be  required.  A  total  of  3^,000  acres  would  be  suf- 
ficient to  satisfy  all  requirements  for  the  project.  This  land  area  is 
presently  used  for  farming,  stock  ranches,  orchards,  rural  horaesites  and 
subdivisions,  and  small  businesses  along  the  river  catering  to  fishermen. 

Construction  of  the  project  would  require  relocation  of  about 
40  miles  of  po^/er  transmission  lines.  In  addition,  access  to  Coleman 
Fish  Hatchery  would  require  about  10  miles  of  new  road  construction.  Other 
road  relocations  would  also  be  required  around  portions  of  the  reservoir 
perimeter. 

Natural  vegetation  is  sparse  \d.thin  the  reservoir  area  so 
clearing  costs  -i/ould  be  nominal. 

Diversion  During  Construction 

Diversion  during  construction  would  be  a  major  problem  at  Iron 
Canyon  damsite.  A  25-foot  diameter  concrete- lined  circular  tunnel 
approximately  1,150  feet  long  would  be  driven  under  the  right  abutment 
near  the  channel  section.  Flows  up  to  about  21,000  second- feet  would  be 
diverted  through  the  tunnel  by  means  of  a  cofferdam  built  to  elevation 
330  feet.  The  cofferdam  would  consist  of  agglomerate  derived  primarily  from 
the  spillway  excavation  and  a  blanket  of  terrace  material  laid  on  the  up- 
stream slope.  Although  normal  summer  streamflows  could  be  diverted  with  a 
much  lower  cofferdam,  the  necessity  to  divert  ■v-dnter  flows  during  one 
season  would  require  the  higher  dam,  which  would  allow  an  additional  flov; 
of  about  60,000  second-feet  to  be  passed  over  the  partially  completed 
spillway  weir  mth  no  significant  damage. 
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Construction  Schedule 

The  construction  of  Iron  Canyon  Dam  would  req^iire  four  years  to 
complete.  During  the  first  two  years,  the  river  would  not  be  diverted 
since  all  major  construction  except  the  earth  embankment  across  the  river 
channel,  part  of  the  intake  structure,  and  the  spillway  weirs  and  piers 
above  elevation  305  feet  could  be  constructed  mthout  dewatering  the  river 
channel.  S-ummer  flo\j   during  the  third  construction  season  would  be  diverted 
through  the  diversion  tunnel  and  the  uncompleted  spillv/ay.  During  this 
phase  of  construction  the  main  embankment  and  the  intake  structure  would 
be  conrpleted. 

The  stream  would  be  diverted  through  the  power  penstocks  during 
the  final  construction  phase  which  would  consist  of  raising  the  spillvray 
weir  to  its  final  height,  constructing  the  gate  piers,  and  installing  the 
spill'svay  crest  gs-tes. 

General  Featirres 

General  features  of  Iron  Canyon  Dam,  Pov/erplant,  and  Reservoir, 
are  summarized  in  Table  11. 
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TABLE  11 
IRON  CANYON  DAM,  POWERPLANT,  AND  RESERVOIR 


Item 

Description 

General  Data 

Location 

Sacramento  River,  Sec.  3,  T27N,  R3W,  MDB&M 

and  Sec.  3I1,  T28N,  R3W,  MDB&M 

Drainage  area 

Total 

9,300  square  miles 

Below  Shasta 

2,635  square  miles 

Rimoff 

Natural  mean  annual 

1906-1955 

8,050,000  acre -feet 

1922-19^^1 

7,000,000  acre -feet 

Reservoir  Data 

Water  surface  elevations 

(USGS  Datum) 

Minimum  power  pool 

358  feet 

Maximum  storage  pool 

i^Ol  feet 

Spillway  design  flood  pool 

iH5  feet 

Storage  capacity 

(elevation,  401  feet) 

1,000,000  acre -feet 

Surface  area 

elevation,  401  feet 

27,000  acres 

elevation,  U15  feet 

36,000  acres 

Flood  control  reservation 

J+00,000  acre -feet 

Dam 

Type 

Zoned  earthf ill  and  gravity  concrete 

Height  above  streambed 

175  feet 

Elevation  of  crest 

420  feet 

Total  volume,  in  cubic  yards 

5,530,000 

Spillway 

Type 

Gated  ogee  weir  and  chute  with  stilling 

basin 

Design  capacity 

870,000  second-feet 

Elevation  of  weir  crest 

366  feet 

Length  of  weir  crest 

630  feet  (net) 

Gate  type 

Counter -balanced  radial 

Gates,  number  and  size 

Fourteen,  i+5  by  35  foot 
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TA£LE  11  (Continued) 
IRON  CANYON  DAM,  POWERPLANT,  AND  RESERVOIR 


Item 

Description 

Outlet  Works  and  Penstocks 

Steel  penstocks  in  concrete  gravity 

Conduit  type 

section 

Conduit  size 

Four  22-foot-diameter  pipes 

Control,  size  and  type 

Four  17  by  35  foot  fixed  wheel  gates 

with  stoplog  protection 

Powerplant 

153,000  kilowatts 

Installed  capacity 

Turbines,  number,  axid  type 

Foiir,  reaction 

Maximum  static  head 

II+5  feet 

Net  design  head 

111  feet 

Minimum  net  head 

92  feet 

Iron  Canyon  Afterbay  Dam  and  Reservoir 
The  Iron  Canyon  Afterbay  Dam  and  Reservoir  would  consist  of  an 
off stream  storage  reservoir  on  the  right  side  of  the  Sacramento  River, 
and  an  enlargement  of  the  existing  Red  Bliiff  Diversion  Reservoir  immediately 
east  of  Red  Bluff.  With  a  total  active  capacity  of  32,000  acre-feet,  it 
would  provide  sufficient  storage  to  regulate  the  releases  from  Iron  Canyon 
Reservoir  and  Powerjlant.  The  Iron  Canyon  Afterbay  Dam  and  Reservoir 
woxild  consist  of  the  following  major  featxires:   (l)  A  dike  extending  from 
the  right  abutment  of  Red  Bluff  Diversion  Deim  along  the  west  side  of  the 
Sacramento  River  to  Mooney  Island,  then  extending  northwestward  to  the 
vicinity  of  Tyler  Road  where  the  natural  ground  surface  would  form  the 
rignt  abutment;  (2)  a  modified  Red  Bluff  Diversion  Dam  to  allow  the  water 
surface  to  be  raised  from  its  present  normal  pool  elevation  of  252.5  feet 
to  260  feetj  (3)  a  channel  connecting  Red  Bluff  Reservoir  to  the  offstream 
reservoir  formed  by  the  dike;  {k)   a  canal  outlet  to  connect  with  the  Bureau 
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of  Reclamation's  planned  Tehama- Colusa  Canal.  A  plan  showing  the  above 
features,  with  typical  cross  sections  of  the  dike  and  connecting  channel, 
is  presented  on  Plate  6  "Iron  Canyon  Afterbay  on  Sacraznento  River". 

Dike 

The  dike  would  consist  of  an  earthf ill  section  having  aji  imper- 
vious earth  core  and  a  pervious  outer  shell,  riprapped  on  the  upstream 
face  to  prevent  erosion.  It  would  have  a  total  length  of  about  7  miles, 
a  crest  width  of  20  feet,  and  side  slopes  of  3«0  to  1  on  the  upstream 
face  and  2.5  to  1  on  the  downstream  face.  It  would  vary  in  height  between 
0  and  k2   feet  with  an  average  height  of  about  27  feet.  The  total  embank- 
ment volume  would  be  about  3-5  mill  ion  cubic  yards. 

The  impervious  core  material  would  be  taken  from  the  Tehama  soils 
along  the  west  edge  of  the  reservoir.  Pervioiis  materials  and  riprap  would 
be  obtained  from  the  floodplain  and  channel  deposits  witiiin  the  reservoir. 

Modified  Red  HLuff  Diversion 

A  very  preliminary  estiaate  was  made  of  the  modification  that 
would  be  required  in  the  Red  Bluff  Diversion  Dam  to  allow  the  normal  water 
surface  to  be  iraised  to  260  feet.  It  was  assiimed  that  this  could  be 
accomplished  by  increasing  the  size  of  gates  from  l8  to  28  feet,  ajad  modify- 
ing the  dam  to  support  the  higher  water  s\irface.  In  the  event  that  this 
modification  is  not  possible,  it  may  be  desirable  to  increase  the  size  of 
the  offstream  storage  reservoir  by  extending  the  dike  downstream. 

Connecting  Channel 

A  channel  would  be  necessary  to  convey  water  between  the  aifterbay 
area  and  the  diversion  reservoir.  Tids  channel  would  have  a  bottom  width 
of  225  feet,  side  slopes  of  2  to  1,  and  a  constant  bottom  elevation  of  2^-0 
feet.  It  was  designed  to  convey  up  to  9,000  second-feet  in  either  direc- 
tion. The  total  excavation  would  be  about  l.k   million  cubic  yards. 
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A  fish  screen  woiild  be  constructed  at  the  upstream  end  of  the 
chEinnel  to  prevent  downstream  migrating  salmon  and  steelhead  from  entering 
the  lower  reservoir. 

Tehama- Colusa  Canal  Extension 

An  outlet  structure  and  canal  would  be  constructed  from  the 
afterbay  reservoir  to  connect  with  the  Tehama-Colusa  Canal,  which  would 
be  inundated  at  its  upper  end  by  construction  of  the  afterbay.  The  outlet 
structure  would  consist  of  two  13-foot  wide,  top  seal  radial  gates,  with 
a  capacity  of  2,000  second-feet,  at  the  niinimum  reservoir  pool  elevation 
of  250  feet.  The  canal  would  extend  from  the  outlet  structure  a  distance 
of  about  1,250  feet  to  join  the  Tehama-Colusa  Canal  in  the  vicinity  of 
Tyler  Road. 

General  Features 

General  features  of  Iron  Canyon  Afterbay  Dam  and  Reservoir  are 
shown  on  Table  12. 
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TABLE  12 

GEHEEA-L  FEATURES  OF 

IRON 

CANYON  AFTEREAY  DAM  AND  RESERVOIR 

Item 

Description 

Reservoir 

Location 

Maximum  water  surface 

elevation 
Minimum  water  surface 

elevation 
Active  storage 
Water  surface  area 

West  floodplain  of  Sacramento  River  between 
Red  Bluff  Diversion  Dam  and  Mooney  Island 

260  feet 

250  feet 

32,000  acre -feet 

^4^,000  acres 

Dam 

Dike 

Type 

Crest  elevation 

Maximum  height 

Length 

Total  embankment  volume 

Zoned  earthfill 
267  feet 
h2   feet 
36,300  feet 
3,500,000  cubic  yards 

Modified  Red  Bluff  Divers ior 

I  Dam 

Spillway  crest  elevation 
Spillway  crest  length 
Spillway  capacity  w/water  sur- 
face elevation  at  26l  feet 
Gate  type 

235  feet 
660  feet 

200,000  cfs 
Fixed  wheel 

Connecting  Channel 

Capacity 
Bottom  width 
Invert  elevation 
Length 
Excavation 

9,000  cfs 
225  feet 
2U0  feet 
15  000  feet 
1,U00,000  cubic  yards 

Tehama-Colusa  Canal  Extension 

Capacity  at  minimum  water 

surface  elevation 
Gates 

Bottom  width 
Length 

2,000  cfs 

Two,  13  by  12  foot  radial 

24  feet 

1,250  feet 

' 
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Fisheries  Protection  Facilities 

The  need  for  providing  adeqiiate  protection  for  the  existing 
fisheries  resources  of  the  Upper  Sacramento  River  was  of  utmost  importance 
in  determining  the  economic  potential  of  the  Iron  Canyon  Project.  In 
order  to  properly  evaliiate  the  facilities  needed  to  protect  this  resource, 
several  problems  were  considered  and  evaluated,  and  solutions  (or  presumed 
solutions)  were  found.  The  most  significeutit  problems  consisted  of  the 
following: 

1.  Determination  of  the  size  of  salmon  runs  occurring 
above  and  within  the  proposed  reservoir  sites. 

2.  Selection  and  design  of  fish  passage  facilities  for 
both  upstream  and  downstream  migrating  fish. 

3.  Determination  of  size  and  type  of  artificial  facil- 
ities needed  to  replace  the  spawning  gravels  which  would  be 
inundated  by  the  project. 

h.  Determination  of  whether  or  not  fish  spawned  in  the 
gravels  upstream  from  the  reservoir  would  migrate  downstream 
throvigh  the  reservoir  and  return  to  the  ocean. 

5.  Predicting  water  tenrperature  changes  resulting  from 
the  project,  and  evaluating  their  effects  on  the  fisheries 
resources. 

Extensive  studies  were  made  by  the  Department  of  Water  Resoxirces, 
the  Department  of  Fish  and  Game,  Mr.  George  J.  Elcher,  fisheries  consultant, 
and  Mr.  Jerome  Raphael,  a  specialist  in  reservoir  water  temperatiire  pre- 
dictions, in  an  attempt  to  solve  these  problems. 

The  Department  of  Fish  and  Game  made  estimates  of  the  number  of 
salmon  that  spawn  in  the  Sacramento  River  above  the  proposed  project. 
These  estimates,  which  are  presented  in  the  Fish  and  Game  appendix, 
Appendix  B,  indicated  tiiat  about  50  percent  of  the  presently  used  spawning 
gravels  above  Iron  Canyon  Afterbay  would  be  inundated  by  the  Iron  Canyon 
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Project.  On  this  basis  the  hatchery  and  the  fish  passage  facilities  were 

each  designed  to  support  one-half  of  the  fall  salmon  run. 

Mr.  Eicher  prepared  a  plan  to  protect  the  fisheries  of  tne  Upper 

Sacramento  River.  In  his  report,  entitled,  "Fish  Protection  at  the  Iron 

Canyon  Project,  Sacramento  River,  California",  June  I96I,  Mr.  Eicher 

stated  the  purpose  of  his  investigation  as  follows : 

"...  to  describe  as  factual  1 y  as  possible  the  conditions  of  the 
fisheries  that  may  be  expected  after  such  a  project  is  con- 
structed with  and  without  the  inclusion  of  various  provisions 
for  fish  protection.  Possible  effects  of  the  proposed  Iron 
Canyon  Project  upon  fishery  resources  of  the  Sacramento  River 
will  be  evaluated,  and  means  proposed  by  which  such  effects  may 
be  modified  in  order  to  preserve  such  resources  at  tiieir  high- 
I  est  level  of  abundance." 

As  the  result  of  his  investigations,  Mr.  Eicher  concluded  as  follows: 

"Iron  Canyon  Dam  can  be  a  factor  in  the  reduction  of  runs 
of  anadromous  fish  to  the  Sacramento  River,  or  it  can  be  the 
means  of  pernaps  enhancing  them. 

I  "The  res\ilt  will  depend  to  a  large  extent  on  the  degree 

and  acciiracy  of  planning  for  the  protection  and  development 
of  the  popiolations  of  such  fish.  A  potential  will  exist  for 
rearing  of  young  salmonoids  on  a  basis  somewhat  comparable 
to  tliat  of  controlled  rearing  laJces  now  being  developed. 
The  only  difference  will  be  that  power  will  be  produced  at 
the  dam.  With  proper  facilities  there  should  be  no  reason 

I         why  the  fish  cannot  be  bypassed  around  the  powerplant  with- 
out inj\rry.  The  structure  and  layout  of  the  dams  and 
powerhouse  lend  themselves  well  to  planning  for  good  fish 
passage. 

!  "It  cannot  be  emphasized  too  strongly,  however,  that 

tvll   effort  to  provide  for  fish  is  necessary  to  extract  the 
greatest  degree  of  fish  production  from  the  Sacramento  River. 
Funds  spent  for  maximum  protection  necessary  will  yield 
commensurate  returns  in  terms  of  fish  and  associated  benefits 
to  the  well  being  and  economy  of  the  region." 

Designs  of  facilities  for  the  passage  of  fish  presented  in 

this  report  incorporated  the  featiures  suggested  by  Mr.  Eicher,  but  include 

some  modifications  suggested  by  the  Department  of  Fish  and  Game. 
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Fish  passage  facilities  consisting  of  a  series  of  fish  ladders 
and  transportation  caxials  were  designed  to  extend  from  the  left  abutment 
of  the  modified  Red  Bluff  Diversion  Dam  to  a  main  fish  ladder  on  the  left 
abutment  of  Iron  Canyon  Dam,  as  shown  on  Plate  6.  These  facilities  were 
designed  to  accommodate  a  maximifln  of  150,000,  and  an  average  of  80,000 
upstream  migrating  salmon  annually. 

A  fish  hatchery  of  sufficient  size  to  provide  for  a  maxiraim 
spawning  run  of  150,000  mature  salmon  was  used  for  computing  construction 
costs  of  the  hatchery  facilities.  Annual  operation  costs  of  the  hatchery 
were  computed  for  the  average  fall  run  estimated  to  be  about  80,000  salmon 
annually.  This  hatchery  would  compensate  for  the  loss  of  natural  spawning 
gravels  which  would  be  inundated  by  Iron  Csmyon  Reservoir. 

The  provision  of  fish  passage  facilities  and  a  fish  hatchery 
assumes  that  yo\ing  downstream-bound  salmon  wo\ild  find  their  way  tlirough 
the  reservoir  and  be  delivered  into  the  river  below  the  project  without 
significant  loss,  and  that  water  temperatures  in  the  reservoir,  hatchery, 
fish  ladder,  and  the  river  downstream  from  Iron  Canyon  would  be  suitable 
for  both  mature  and  juvenile  salmon  and  steelhead. 

Studies  to  determine  whether  or  not  young  salmon  and  steelhead, 
on  their  downstream  migration  toward  the  ocean,  co\ild  successfully 
negotiate  a  large  reservoir  without  becoming  residiial  or  unduly  delayed, 
were  made  by  the  Department  of  Fish  and  Game  at  Shasta  Reservoir.  This 
study  was  not  carried  to  a  successful  conclusion  because  of  budget  reductions, 
but  the  information  obtained  indicated  "...  that  a  grave  problem  of 
residvtalism  may  exist  when  fall-run  king  salmon  fingerlings  are  forced  to 
negotiate  a  large,  warmwater,  fluctuating  reservoir  on  their  way  to  the 
sea."  A  report  on  this  investigation  entitled,  "Observations  on  Downstream 
Migrant  Salmonoids,  Shasta  Reservoir,  California",  was  published  by  the 
Department  of  Fish  and  Game  in  October  I963.  Before  any  project  such  as 
Iron  Canyon  is  proposed  for  construction,  a  study  to  determine  whether  or 
not  small  salmon  could  or  would  migrate  through  a  large  reservoir  should 
be  undertaJcen. 
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Mr.  Jerome  Raphael,  a  professor  at  the  University  of  California 
and  a  specialist  in  vrater  temperature  predictions  in  reservoirs,  deter- 
mined the  probable  temperatures  that  would  occur  in  the  Sacramento  River 
below  Iron  Canyon  ATterbay  Dam  if  the  project  were  constructed.  The  text 
of  Mr.  Raphael's  report,  which  is  included  as  Appendix  D  of  this  bulletin, 
concludes  that  under  project  conditions  summer  and  early  fall  temperatures 
would  be  increased  substantially  over  nonproject  conditions,  and  that 
winter  and  spring  water  temperatures  would  be  lowered.  His  predicted 
temperatures  below  Iron  Canyon  Dam  for  a  typical  year  of  project  operation 
are  shown  on  Figure  1.  The  Department  of  Fish  and  Game  has  indicated  that 
these  temperatures  would  have  a  tremendous  detrimental  effect  on  salmon 
and  steelhead  populations  in  the  Sacramento  River.  A  solution  to  this 
problem  wovild  therefore  have  to  be  found  before  construction  of  this  pro- 
ject could  be  undertaken.  The  predicted  water  temperature  study  indicates 
that  inclusion  of  a  low-level  outlet  structure  may  provide  a  solution,  but 
that  this  would  necessitate  a  new  temperature  prediction  study. 

Wildlife  Mitigation  Facilities 

Studies  were  made  by  contract  personnel  of  the  Department  of  Fish 
and  Game  to  determine  the  effects  construction  of  the  Iron  Canyon  Project 
would  have  on  wildlife.  These  studies  show  that  1,200  acres  of  land  would 
have  to  be  purchased  and  operated  for  waterfowl  management  purposes  to 
mitigate  for  damages  caused  by  the  project.  Other  minor  damages  to  quail 
and  pheasants  would  also  reqixlre  mitigation.  The  results  of  these  studies 
are  included  in  the  Fish  and  Game  Api)endix. 

Costs,  Benefits,  and  Benefit-Cost  Ratio 

The  costs  and  benefits  of  the  Iron  Canyon  Project  are  discussed 
in  the  following  pages  in  terms  of  average  aiin\ial  equivalent  and  present 
worth  values  under  the  headings  of  costs,  benefits,  and  benefit-cost  ratio. 

The  average  eunnual  eqiiivalent  is  a  fig\ire  used  to  establish,  for 
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comparative  purposes,  a  uniform  annual  cost  or  benefit  throughout  the  fxill 
project  repayment  period.  Average  anniml  equivalent  costs  are  computed  as 
the  annual  costs  of  operation,  maintenance,  and  replacement  of  the  project, 
plus  the  product  of  the  capital  cost  and  a  capiteil  recovery  factor  of 
0.0^655.  The  capital  recovery  factor  rex>resents  an  amount  of  a  total  debt 
which,  when  paid  in  equaJ.  annual  installments  over  a  50-year  repayment 
period,  at  a  four  percent  interest  rate,  would  repay  the  entire  capital 
cost  of  the  project. 

The  present  worth  value  represents  the  present  amount  of  money, 
invested  at  current  interest  rates  (in  this  case  four  percent),  that  would 
be  required  to  meet  a  future  project  expenditure,  or  series  of  expenditures. 
For  instance,  the  present  worth  value  of  total  annual  operation,  mainten- 
ance, euad  replacement  cost  would  be  that  amount  of  money  which  if  invested 
now,  at  four  percent  interest  rates,  would  be  sufficient  to  pay  these  costs 
each  year  of  the  50-year  repayment  period. 

Costs 

Costs  of  the  Iron  Canyon  Project  were  determined  on  the  basis 
of  construction  prices  existing  in  the  fall  of  I963,  a  repayment  period  of 
50  years,  and  an  annual  interest  rate  of  four  percent. 

The  estimated  average  annual  equivalent  cost  of  the  project  would 
be  $10,500,000.  The  total  economic  cost  would  be  $225,000,000.  This  cost 
represents  the  total  construction  cost  (capital  cost),  plus  the  present 
worth  of  annual  operation,  maintenance,  and  replacement  costs.   Capital 
costs  of  Iron  Canyon  Dam  and  Reservoir  and  Iron  Canyon  Afterbay  DEun  and 
Resei^oir  are  summarized  in  Tables  13  and  ih.      Costs  of  Iron  Canyon  Project 
features  not  included  in  these  tables  are  summarized  in  Table  15,  "Iron 
Canyon  Project  Costs,  Benefits,  and  Benefit-Cost  Ratio". 


-65- 


TABLE  13 
SUMMARY  OF  CAPITAL  COSTS  OF  IRON  CANYON  DAM  AND  RESERVOIR 
Reservoir  Capacity  =  1,000,000  Acre-Feet 


Item 

Quantity 

Costs 

Dam 

Diversion  and  Care  of  Stream 

Cofferdam 

Tunnel  (20-foot  diameter) 

Miscellaneous 

350,000  cubic  yards 
Lump  sum 
Lump  sum 

$  640,000 

1,200,000 

260,000 

$  2,100,000 

Main  Dam 

Stripping 

Embankment 

Miscellaneous 

200,000  cubic  yards 
3,100,000  cubic  yards 
Lump  sum 

420,000 

6,210,000 

870,000 

7,500,000 

Wing  Dam 

Stripping 
EraTDankment 

100,000  cubic  yards 
2,100,000  cubic  yards 

100,000 
4,800,000 

4,900,000 

Spillway 

Excavation 

Concrete;  includes  cement 

3,800,000  cubic  yards 

1,600,000 

and  steel 
Radial  gates  and  hoists 
Miscellaneous 

290,000  cubic  yards 
Lump  sum 
Lump  sum 

11,300,000 

1,700,000 

200,000 

14,800,000 
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TA:BLE  13   (Continued) 
SUMMARY  OF  CAPITAI,  COSTS  OF  IRON  CANYON  DAM  AND  RESERVOIR 
Reservoir  Capacity  =   1,000,000  Acre-Feet 


Item 

Quant  ity 

Costs 

Dam  (Continued) 

Outlet  Works 

Excavation 
Concrete 
Penstocks 

Foundation,  drill,  and 
grout 

940,000  cubic  yards 
2it0,000  cubic  yards 
Lump  sum 

Lump  sum 

$ 

il00,000 
8,800,000 

1,3^+0,000 
60,000 

$10,600,000 

Subtotal 

39,900,000 

Engineering  and  administration 

Contingencies 

Interest  during  construction 

6,000,000 
6,900,000 

4,200,000 

TOTAL  COST  OF  DAM 

57,000,000 

Reservoir 

Clearing 

Land  and  improvements 

Relocations 

$ 

1,U00,000 

25,600,000 
11,300,000 

Subtotal 

38,300,000 

Engineering  and  administration 

Contingencies 

Interest  during  construction 

5,7^0,000 
6,610,000 
2,350,000 

TOTAL  COST  OF  RESERVOIR 

53,000,000 

TOTAL  COST  OF  DAM  AND  RESRRVOIR 

110,000,000 
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TABLE  1^1 

SUMMA-RY  OF  CAPITAL  COSTS  OF 
IRON  CANYON  AFTERBAY  DAM  AND  RESERVOIR 


Item 


Dam 
Dike 


Stripping 
Enbankment 


Modification  of  Red  Bank 
Diversion 


Quantity- 


Costs 


700,000  cubic  yards 
3,500,000  cubic  yards 


Lump  sum 


$  110,000 
3,lU0,000 


$  3,250,000 
2,000,000 


Connecting  Channel 

Excavation 
Fish  screen 


Tehama -Co  l\isa  Canal  Extension 

Excavation 
Embankment 
Outlet 


Subtotal 

Engineering  and  administration 

Contingencies 

Interest  during  construction 

TOTAL  COST  OF  DAM 


1,400,000  cubic  yards 
Lump  sum 


16,000  cubic  yards 
18,000  cubic  yards 
Lump  sum 


280,000 
100,000 


10, 000 
10, 000 
20,000 


380,000 


UO,000 

5,670,000 

850,000 
980,000 
300,000 

7,800,000 


Reservoir 

Land  and  improvements 

Engineering  and  administration 

Contingencies 

Interest  during  construction 

TOTAL  COST  OF  RESERVOIR 

TOTAL  COST  OF  DAM  AND  RESERVOIR 


1,900,000 
300, 000 
U 00, 000 
100,000 

2,700,000 

10,500,000 
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Benefits 

The  Iron  Canyon  Project  woiild  produce  flood  control,  hydroelectric 
power,  export,  and  recreation  benefits.  Local  irrigation  henefits  were  also 
computed  but  found  to  be  less  than  their  estimated  costs.   Each  of  the  pro- 
ject benefits  are  discussed  in  detail  in  the  following  paragraphs. 

Flood  Control  Benefits.  Two  basic  flood  hydrology  studies  were 
completed  by  the  Department  and  subsequently  used  as  a  basis  for  the  eval- 
uation of  flood  control  benefits  from  Iron  Canyon  Reservoir:   (l)  "Flood- 
Control  Hydrology,  Sacramento  River  Basin  above  Iron  Cajiyon  Damsite", 
August  1959,  and  (2)  "Upper  Sacramento  River  Basin  Investigation  Flood 
Hydrology  Study",  October  196O. 

Standard  project  and  probable  maximum  floods  were  developed  during 
the  first  study  for  the  Iron  Csuiyon  site  and  for  sites  on  major  tributaries 
between  Shasta  Dam  and  Red  Bluff.  A  flood  storage  reservation  diagram  for 
Iron  Canyon  Reservoir  was  also  developed  during  this  study.  The  second 
study  was  made  to  develop  preproject  and  project  frequency-flow  relation- 
ships for  the  Sacramento  River  at  the  Iron  Cemyon  site  and  at  Ord  Ferry. 

Corps  of  Engineers  flow-damage  data  presented  in  "Master  Manual 
of  Reservoir  Regulation",  March  1959,  were  used  as  a  basis  for  evaluation  of 
flood  control  benefits  from  Iron  Canyon  Reservoir.  In  the  manual,  the  area 
of  flood  damage  is  divided  into  zones;  the  i>eak  flow  for  each  of  these  zones 
is  identified  with  a  specific  stream  gage  or  gages.   In  order  to  utilize 
the  data,  relationships  between  peak  flows  at  gages  identified  with  each 
zone  ajid  peak  flows  at  either  the  Iron  Canyon  site  or  the  Ord  Ferry  gate 
were  established.   Damage  in  each  of  the  zones,  corresponding  to  peak  flows 
at  Ord  Ferry  or  Iron  Canyon  was  compiled  into  two  genereil  flow-damage  curves: 
Sacramento  River  from  Red  Bluff  to  Rice  Creek  and  Sacramento  River  from  Rice 
Creek  to  Colusa  Weir  including  Butte  Basin.  These  two  curves  were  used  in 
conjunction  with  the  frequency-flow  relationships  at  Iron  Canyon  emd  at 
Ord  Ferry  to  determine  flood  damages. 

Hydrology  and  damage  data  studies  determined  the  dollar  v6Q.ue  of 
flood  control  benefits.   Flood  control  benefits  from  Iron  Cemyon  Reservoir 
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wotild  accrue  from  three  sources:   (l)  prevention  of  the  loss  of  goods 
or  services  that  woiild  othervdse  occur  as  a  result  of  floods;  (2)  in- 
creased land  values  that  resxilt  from  changes  in  agricultural,  industrial, 
or  commercial  land  use  patterns  because  of  reduction  or  elimination  of 
the  flood  hazard;  and  (3)  annual  savings  in  levee  and  weir  construction 
and  maintenance  costs. 

These  latter  benefits  were  derived  from  the  Corps  of  Engineers 
Comprehensive  Flood  Control  Survey  Rei>ort  dated  February  1,  19^5,  indexed 
up  to  reflect  current  prices,  and  from  the  state  Division  of  Water 
Resources  report,  "Alternative  Plans  for  Control  of  Floods  in  Upper 
Sacramento  Valley",  dated  September  19^8,  wherein  a  levee  systan  in  con- 
junction with  reservoir  storage  was  used.  Flood  reduction  benefits  were 
computed  as  the  difference  in  expected  average  annual  damages,  with  and 
without  the  project,  which  would  be  realized  over  the  life  of  the  project. 
Land  enhancement  benefits  and  the  benefits  resulting  from  annual  savings 
in  levee  ajid  weir  construction  and  maintenance  costs  were  also  computed 
on  a  "with"  euid  "without"  project  basis.  The  following  tabulation  shows 
average  annual  benefits  adjusted  to  allow  for  future  economic  development 
over  the  life  of  the  project. 

Sacramento  River 

Rice  Creek  to  Colusa  Sacramento  River 

Weir  Including  Butte  Red  Bluff  South 

Item  Basin  to  Rice  Creek     Total 


Prevention  of  future 
flood  damages 

Increased  land  values 

Savings  in  levee  and  weir 

Total  annual  benefit 


$565,000 
25,000 


100,000 


690,000 


$270,000     $  835,000 

25,000 

100,000       200,000 

370,000     1,060,000 


Hydroelectric  Power  Benefits.  The  annual  value  of  benefits 
attributable  to  the  generation  of  hydroelectric  power  from  a  project  is 
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the  estimated  cost  of  producing  equivalent  power  from  the  most  likely- 
alternative  sovirce  expected  to  develop  in  the  absence  of  the  proposed 
development,  with  appropriate  adjustment  for  transmission  costs  and 
losses  and  other  technical  factors.  The  assiimption  is  made,  based  upon 
the  industry  trend  over  the  past  few  decades,  that  the  most  likely  alter- 
native source  for  the  Iron  Canyon  Powerplant  would  be  a  modem,  privately 
financed  steam-electric  plant. 

Based  on  an  analysis  of  a  steam-electric  plant,  the  capacity 
component  was  determined  to  have  a  value  of  $15.^0  per  kilowatt -year 
and  the  energy  component,  2. 75  mills  per  kilowatt -hour.  The  benefit  value 
therefore  consists  of  the  capacity  component  mioltiplied  by  the  dependable 
capacity  of  the  plant,  plus  the  energy  component  multiplied  by  the  average 
annual  energy  production  of  the  plant.  The  following  tabulation  presents 
the  estimated  annual  benefits  of  the  Iron  Canyon  Powerplant. 

Dependability  Component  -  153,000  KW  x  $15. Uo  =  $2,360,000 

Energy  Production  Component  -  715,700,000  KWH  x  $.00275  =   1,970,000 

Total  Annual  Benefit  =   4,330,000 

Export  Water  Benefits.   Export  benefits  to  be  derived  from  an 
Iron  Canyon  Reservoir  cannot  be  accurately  determined  without  incorporating 
this  reservoir  into  a  coordinated  operation  study  of  the  Sacramento-San 
Joaquin  River  System  at  the  Delta.  This  extremely  complex  operation  is 
being  prepared  by  the  Department's  Division  of  Operations  in  cooperation 
with  the  U.  S.  Bureau  of  Reclamation.  Unfortvmately,  it  was  not  completed 
at  the  time  this  report  was  prepared.   Since  estimated  export  benefits 
from  Iron  Canyon  required  aji  estimate  of  new  yield,  an  empirical  method 
had  to  be  developed  to  provide  an  interim  estimate,  pending  completion  of 
a  fully  coordinated  operation  of  the  Sacramento -San  Joaquin  Delta. 

Review  of  several  predicted  water  supply  studies  by  the  State 
and  the  Bureau  of  Reclamation  shows  that  varying  amounts  of  water  will  be 
wasted  from  the  Delta  during  its  critical  water  supply  period.  The  fre- 
quency of  this  waste  varies  depending  upon  the  staging  of  future  projects 
and  the  estimated  buildup  in  demand  for  water.   Yields  from  Iron  Canyon 
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Reservoir  for  export  from  the  Delta  range  between  a  low  of  50,000  acre-feet 
ajid  a  high  of  150,000  acre-feet  of  firm  annual  new  yield,  depending  on 
which  water  supply  is  used.   For  this  study,  a  firm  yield  of  130,000  acre- 
feet  per  year  was  determined  to  be  the  most  reasonable  value.  The  esti- 
mated average  annual  equivalent  benefit  of  this  yield  would  be  $1,UOO,000. 
This  value  was  derived  by  multiplying  the  new  yield  by  the  benefit  value 
of  an  acre-foot  of  water  at  the  Delta. i/  The  derivation  of  export  water 
benefits  is  presented  in  the  following  tabulation. 

PRESENT  WORTH  AND  AVERAGE  ANNUAL  EQUIVALENT  EXPORT  BENEFITS 

IRON  CANTON  PROJECT 

Present  Worth 
Decade  of  Benefit 

1970  -  1980  * 

1980  -  1990  $lit,U30,000 

1990  -  2000  7,310,000 

2000  -  2010  U, 930, 000 

2010  -  2020  3,330,000 

Total  Present  Worth  $30,000,000 

Average  Annual  Equivalent  1,400,000 

*No  demand  for  export  water  from  the  Upper  Sacramento  River  Basin 

is  anticipated  prior  to  I980. 

Recreation  Benefits.   If  the  Iron  Canyon  Project  were  constructed, 
numerous  areas  adjoining  the  reservoir  could  be  developed  for  recreation. 
Most  of  these  areas  would  be  located  on  the  right  bank  or  westerly  portion 
of  the  reservoir.  Detailed  studies  of  the  recreational  use  that  would 
result  from  an  Iron  Cajiyon  Project  were  made  by  the  Department  of  Barks 
and  Recreation.  The  resxilts  of  this  study  are  presented  in  their  recreation 
report,  included  as  Appendix  A  of  this  Bulletin. 


1/  A  detailed  discussion  of  the  method  used  to  estimate  export  yields  and 
export  benefits  is  contained  in  the  following  chapter  under  planning 
considerations . 
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Toteil  recreation  use  of  the  Iron  Canyon  Project  was  computed  for 
each  decade  during  the  economic  life  of  the  project.  From  this  total  vas 
deducted  the  projected  recreation  use  that  would  have  occurred  without  the 
project.  The  difference  represented  the  net  recreation  use  attributable 
to  the  Iron  Canyon  Project. 

Monetary  values  of  recreation  benefits  were  derived  by  assigning 
a  value  of  $1.80  to  each  visitor-day  of  use.   The  $1.80  represents  a 
weighted  average  recreation  value  for  the  basin  area  determined  by  appli- 
cation of  the  consimier  surplus  theory.!/ 

The  decade  net  recreational  use  in  visitor-days  was  then  multi- 
plied by  $1.80  to  obtain  the  total  benefits  for  each  decade.  These  benefits 
were  then  bro\ight  back  to  present  worth  and  converted  to  average  annual 
equivalent  benefits  in  order  to  facilitate  comparison  of  benefits  and  costs. 
The  estimated  average  annual  equivalent  recreation  benefits  would  be 
$900,000.  The  following  tabulation  presents  these  values  for  the  period 
1970-2020. 

PRESENT  WORTH  AND  AVERAGE  ANMUAL  EQUIVALENT 
RECREATION  BENEFITS  1970-2020 

Estimated  Net 
Decade  Visitor-Day  Use     Benefit 

1970  -  1980  1,1*00,000     $  2,088,000 

1980  -  1990  3,700,000  3,693,000 

1990  -  2000  6,iK)0,000  U, 350, 000 

2000  -  2010  10,100,000  4,61K),000 

2010  -  2020  l4, 800, 000  U, ^63, 000 

Total  Net  Visitor-Days  36,i«X),000 

Total  Present  Worth  $19,33^,000 

Average  Annual  Equivalent  $900,000 


1/  Measuremeit  of  Recreation  Benefits;  Journal  of  Land  Economics, 
Volume  34,  August  I958,  by  A.  H.  Trice  and  S.  E.  Wood. 
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Local  Irrigation  Benefits.  The  only  local  area  suited  for  the 
service  of  irrigation  vater  from  Iron  Canyon  Project  would  be  the  Los 
Molinos-Vina  area.  This  area  consists  of  about  25,000  irrigable  acres 
contiguous  to  the  left  bank  of  the  Sacramento  River,  extending  eastward 
to  the  foothills  and  from  Red  Bluff  to  Rock  Creek.   Portions  of  this 
area  are  presently  irri^ted  from  diversion  of  local  surface  runoff  and 
from  ground  water.  Alternate  sources  of  water  for  this  area  woxold  con- 
sist of  additional  development  of  the  extensive  ground  water  reservoir 
which  \inderlies  this  area,  and  development  of  surface  supplies  from  tributary 
streams  on  the  east  side  of  the  Sacramento  Valley.  Preliminary  cost 
estimates  showed  that  ground  water  could  be  supplied  to  this  area  at  a 
lower  cost  than  could  be  supplied  by  the  Iron  Canyon  Project.   Consequently, 
no  local  irrigation  benefits  would  be  derived  from  the  Iron  Canyon  Project. 
The  possibility  of  serving  this  area  from  surface  developments  on  east 
side  streams  is  being  studied  as  a  part  of  the  current  "Sacramento  Valley 
East  Side  Investigation",  results  of  which  will  be  published  by  the 
Department  in  I966  as  Bulletin  No.  137. 

Benefit -Cost  Ratio 

The  estimated  annual  equivalent  costs  of  the  Iron  Canyon  Project 
would  be  $10,480,000.   Estimated  total  annual  equivalent  benefits  would 
be  $7,690,000.  The  resultant  ratio  of  benefits  to  costs  would  be  about 
0.73  to  1.  The  project  is  therefore  economically  unjustified  at  the 
present  time.  Table  15  presents  a  summary  of  the  economic  costs,  benefits, 
and  benefit -cost  ratio  of  the  Iron  Canyon  Project. 

Additional  Imports 

In  the  event  that  water  from  future  North  Coastal  developments 
on  the  Lower  Trinity  River  is  brought  into  the  Sacramento  River  above  the 
Iron  Canyon  damsite,  additioneil  power  benefits  could  be  produced  which 
might  make  the  Iron  Canyon  Project  economically  justifiable.  This  possi- 
bility will  be  considered  further  by  the  Department  in  its  continued 
investigations  of  the  North  Coastal  area. 
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Svnmnary  and  Discussion 

As  a  resiilt  of  the  present  investigation,  it  is  concluded  that: 

1.  A  safe  dam  can  he  constructed  at  the  Iron  Canyon  site. 

2.  Some  of  the  problems  relating  to  protection  of  the  salmon 
and  steelhead  resources  of  the  Upper  Sacramento  River  due  to  con- 
struction of  the  Iron  Canyon  Project  remain  to  be  resolved. 

3.  Considerable  additional  study  to  develop  adequate  solutions 
to  problems  relating  to  fish  would  be  required  before  the  Dejjartment 
of  Fish  and  Game  and  sport  and  ccmmercial  fishery  interests  covild  be 
persuaded  that  the  Iron  Canyon  Project  woiild  not  cause  irreparable 
damage  to  the  salmon  populations  of  the  Sacramento  River. 

k.     The  costs  of  lands,  right s-of-vay,  and  easements  are  in- 
creasing rapidly  and  vill  soon  exceed  the  dam  costs. 

5.  Under  present  economic  conditions,  the  costs  of  an  Iron 
Canyon  Project  exceed  the  benefits  by  a  substantial  margin.  The 
present  economic  benefit-cost  ratio  is  only  0.73  to  1. 

In  view  of  the  unfavorable  benefit-cost  ratio,  it  was  determined 
that  possible  plans  for  near  future  water  develojment  within  the  Upper 
Sacramento  River  Basin  could  only  come  from  construction  of  tributary 
reservoir  projects  and  from  ground  water  developnent.  A  detailed  discussion 
of  plans  for  the  development  of  tributary  reservoirs  is  presented  in 
Chapter  IV  of  this  report.  Ground  water  development  possibilities  are 
presented  in  Chapter  V. 
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CH/>J>TER  IV.  PLAl'iS  FOR  DB/ELOPMENT 
OF  TRIBUTARY  STREAl-lS 


Development  of  \vater  storage  aiid  conservation  facilities  on 
tributary  streams  v^as  considered  in  planning  for  full  utilization  of  the 
crater  resources  in  the  Upper  Sacramento  River  Basin.  Many  potential 
■jvater  storage  sites  located  in  the  stream  basins  tributary  to  the  Sacramento 
River  vere  investigated.  Of  the  seven  sites  that  preliminary  investigation 
indicated  might  irarrant  further  study,  four  appear  to  be  economically 
justified  at  the  present  time.  These  are  Hulen  on  North  Fork  Cottonwood 
Creek,  Dippingvat  on  South  Fork  Cottonwood  Creek,  Paskenta  on  Thomes  Creek, 
and  Millville  on  South  Cow  Creek.  Those  sites  not  presently  economically 
justified  are  Fiddlers  on  tliddle  Fork  Cottonwood  Creek,  Rosewood  on  Dry 
Fork  Cottonv70od  Creek,  and  Bella  Vista  on  Little  Cow  Creek. 

This  chapter  discusses  the  physical  and  economic  considerations 
that  were  used  to  produce  vra,ter  development  plaxis  on  the  tributary  streams. 
Plans  for  development  of  the  seven  reservoir  sites  listed  above  are  dis- 
cussed according  to  the  stream  basins,  Cottonwood  Creek,  Gov;  Creek,  and 
Thomes  Creek,  in  which  they  exist. 

Preliminary  planning  studies  of  reservoir  storage  projects  in 
Battle,  Paynes,  and  Clear  Creek  Basins  indicated  that  none  were  economically 
justified  under  present  economic  conditions.  Therefore,  no  plans  are  pre- 
sented for  these  stream  basins. 

Planning  Considerations 
In  the  past,  plajis  for  development  of  the  Sacramento  River  trib- 
utary stream  basins  have  been  mainly  oriented  to  water  conservation  for 
local  use  and  to  provide  flood  protection  in  Butte  Basin.  In  recent  years, 
conservation  for  e:rport  to  outside  areas  of  './-ater  deficiency,  and  con- 
servation for  the  purposes  of  recreation  and  the  preservation  and  enhance- 
ment of  fish  and  i/ildlife  resoirrces  have  become  increasingly  important. 
Use  of  water  for  the  last  named  purposes  is  recognized  as  a  beneficiaJL  use 
of  \ra.ter  in  California.  The  State  VJater  Rights  Board  is  required  to  take 
into  account,  A,rhenever  it  is  in  the  public  interest,  the  amounts  of  is-ater 
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required  for  such  purposes  in  determining  the  amount  of  iv'ater  available  for 
appropriation  for  other  beneficial  uses.—'   It  is,  moreover,  the  declared 
policy  and  intent  that  in  both  state  and  federal  v;ater  conservation  projects 
recreational  development  and  the  enhancement  of  fish  and  v/lldlife  be 
included  in  project  p-urposes  wherever  feasible. 

The  fact  that  recreation  and  fishery  enhancement  can  now  be 
included  as  nonreimbursable  features  of  local,  state,  and  federal  projects, 
coupled  -sd-th  the  finding  brought  out  in  Chapter  III  —  that  a  main  stem 
Sacramento  River  development  at  the  Iron  Canyon  site  is  not  economically 
justified  at  this  time  —  has  changed  somewhat  the  criteria  under  which 
possible  tributary  development  projects  in  the  Upper  Sacramento  Basin  are 
fonnvilated  from  that  of  a  decade  ago.  The  basis  used  in  formulating 
tributary  reservoir  projects  is  discussed  below  as  project  operation  and 
planning  and  sizing  criteria. 

Project  Operation  Criteria 

The  general  criteria  for  operation  of  tributary  reservoirs  during 
the  study  period  were  similar  for  all  of  the  projects.  Reservoirs  were 
operated  to  provide  for  annual  local  irrigation  requirements,  to  regulate 
flows  to  provide  for  do'vjnstream  fishery  enhancement,  to  provide  treiter  for 
export  to  the  Sacramento-San  Joaquin  Delta,  to  develop  reservoir  recreation, 
and  to  provide  flood  control. 

Local  irrigation  water  demands  were  determined  from 
land  classification  and  land  use  studies  for  the  several  possible  service 
areas  presented  in  Chapter  II  of  this  report  and  shovm  on  Plate  3» 
Project  water  requirements  vrere  then  determined  by  dividing  the  service 
areas  into  subservice  areas  that  could  be  most  economically  served  from  a 
given  water  development  project. 

In  determining  local  irrigation  irater  requirements,   the  follo-vang 
assunrptions  were  made: 


1/  Water  Code  Section  I2U3. 

2/     Davis-Dol\-ri.g  Act,   Water  Code  Sections  II9OO  to  11925;   Fish 

and  Wildlife  Coordination  Act  of  March  10,  193^^  as  amended, 

16  U.S.C.  661  to  666c  (1958  ed). 
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1.  Project  water  ■^^dll  be  delivered  by  1970  end  \rill 
be  available  throioghout  the  project  service  area. 

2.  Water  \rill   be  delivered  at  a  cost  -s-athin  the 
average  payment  capacity  of  crops  projected;  and  ivd-thin 
the  landowner's  ^/dllingness  to  pay. 

3.  The  project  buildup  period  A^all  occur  vdthin  10 
years  after  project  completion. 

k.     Present  and  preproject  water  reqiiirements  \rill 
continue  to  be  met  from  existing  sources. 

The  Department  of  Fish  and  Game  conducted  studies  to  determine 
the  fishery  enhancement  that  could  be  realized  from  increased  and  con- 
trolled flows  in  the  tributary  streams.  The  amount  of  enhancement  pro- 
vided by  various  streamflow  releases  was  estimated  for  each  of  the 
tributary  streams  below  the  proposed  reservoir  sites.  A  monthly  percentage 
distribution  of  annual  fisheries  water  requirements  for  Cottonwood,  Cow, 
3xid   Thomes  Creeks  is  presented  in  Table  l6.  These  distributions  were  used 
in  reservoir  sizing  and  in  estimating  fishery  enhancement  benefits. 

Inflows  to  tributary  reservoirs  were  considered  to  be  available 
for  storage  whenever  there  are  suarplus  flows  in  the  Delta.  Water  stored 
during  these  periods  would  be  released  d-uring  periods  of  deficiency.  Since 
surpluses  in  the  Delta  generally  occvir  during  February,  March,  ajid  April, 
axid  since  the  major  part  of  fisheries  enhancement  flows  occtir  during  other 
months,  fish  releases  would  generally  produce  increased  yields  to  the 
Delta. 

Reservoir  storage  siifficient  to  insure  protection  of  reservoir 
fishlife  was  maintained  at  each  reservoir.  In  addition,  the  storage  of 
water  in  project  resejrvoirs  to  meet  do-^-mstream  fisheries  demazids  in  the 
fall  and  -v/inter  months  insures  the  maintenance  of  a  large  reservoir  pool 
during  the  summer  recreation  season. 

Inherent  in  the  economic  potential  of  the  proposed  tributary 
reservoir  projects  is  the  assiimed  ability  of  these  reservoirs  to  maintain 
water  temperatures  that  mil  assure  the  survival  of  ad\ilt  salmon,  their 
eggs,  and  their  fry.  Water  temperature  prediction  studies  for  these  reser- 
voirs were  not  mthin  the  scope  of  this  reconnaissance  investigation. 
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However,  such  studies  should  be  included  as  an  integral  part  of  future 
feasibility  investigations  of  those  projects  which  show  indications  of 
economic  justification. 

Reservoir  flood  control  space,  to  be  effective,  must  be  avail- 
able during  periods  of  high  flow.  Due  to  the  nature  of  proposed  project 
operations  for  local  irrigation  and  for  fisheries  enhancement,  the 
reservoirs  would  normally  be  drawn  doim  to  minimizm  levels  when  the  flood 
season  occurs,  thus  providing  sizable  flood  control  benefits.  The  devel- 
opment of  a  detailed  flood  operation  schedule  \ra.s  not  considered  i-ra,rranted 
for  this  investigation,  although  such  a  schedule  v/ould  be  needed  prior  to 
final  design  of  a  project. 

In  determining  local  and  e:^ort  yields,  deficiencies  in  v/ater 
supply,  including  fishery  enhancement  demands,  were  allowed  during  dry 
years.  V/hen  the  yield  is  less  than  the  annual  demand.  Department  policy 
is  to  allow  a  percentage  deficiency  up  to  50  percent  in  any  one  year,  but 
not  more  than  ICX)  percent  within  any  consecutive  J-yeS'i'  period. 

Many  operation  studies  were  made  to  select  the  reservoir  size 
for  each  site  that  would  maximize  net  benefits  for  the  several  possible 
project  purposes  using  criteria  discussed  in  the  preceding  paragraphs. 

Project  Planning  and  Reservoir  Sizing  Criteria 

The  mtiltiple-piurpose  concept  of  reservoir  use  vra,s  used  in 
analyzing  all  potential  reservoir  storage  projects.  The  follomng  criteria 
were  followed  in  all  project  planning  studies  -vathin  the  tributary  stream 
basins : 

1.  The  \7ater  supply  period  1921-22  through  19^40-41  \ras  used 
to  evaliiate  reservoir  water  yields. 

2.  Dovnstream  users  with  prior  rights  are  fully  protected 
by  preservation  of  present  impaired  streamflows  during  periods 

of  use. 

3.  Areas  of  origin  of  water  were  given  first  consideration 
in  development  of  new  water  supplies. 

k.     Only  primary  tangible  benefits  were  -used  in  economic 
evalviations . 

5.  All  economic  analyses  were  based  on  a  50- year  repayment 
period  (1970-2020),  using  an  annual  interest  rate  of  h  percent. 
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6.  Each  reservoir  was  sized  to  produce  maximvun  net  project 
benefits. 
Maximum  net  benefits  are  realized  when  the  scale  of  development  is  extended 
to  the  point  v/here  the  benefits  added  by  the  last  increment  of  enlargement 
are  equal  to  the  costs  of  adding  that  increment. 

Development  of  Costs  and  Benefits 
for  Possible  Project  Purposes 

The  principles  and  methods  used  in  evaluating  the  costs  and  bene- 
fits connected  ^^a.th  a  specific  project  purpose  are  presented  in  this  section. 
As  discussed  herein,  specific  costs  a,re  those  costs  which  can  be  identified 
-isdth  a  specific  physical  project  purpose,  such  as  recreation  facilities.  The 
separable  cost  for  each  project  purpose  is  the  difference  between  the  cost  of 
the  multiple-purpose  project  ajad  the  cost  of  the  project  with  that  purpose 
omitted.  For  a  purpose  to  be  included  in  a  project,  separable  costs  incurred 
by  that  purpose  must  be  less  thsji  the  benefits  that  would  be  derived.   Costs 
of  dam,  reservoir,  and  appurtenances  for  each  project  were  distributed  among 
the  various  project  purposes  in  accordance  \-f±th   the  "separable  costs  — 
remaining  benefits"  method  of  analysis.-'  A  preliminary  cost  allocation  is 
shown  for  each  of  the  economically  justified  tributary  reservoir  projects. 

Recreation 

Benefits.  Estimates  of  the  n-umber  of  visitor-days  of  recreation 
use  experienced  at  a  particiilar  recreation  site  were  based  on  the  attrac- 
tiveness of  the  recreation  pursuit,  proximity  of  similar  recreation  func- 
tions, accessibility  to  the  recreation  area,  and  number  of  recreationists 
able  to  participate.  The  difference  in  recreation  use  (in  visitor-days) 
under  "project"  and  "nonproject"  conditions  represents  the  recreation  use 
attributable  to  each  project. 

Benefits  attributable  to  each  project  are  determined  by  multi- 
plying the  dollar  value  of  a  day's  recreation  activity  by  the  net  number 
of  visitor-days  of  use.  A  visitor-day  value  of  $1.80  -s/as  established  for 
all  types  of  recreation  activity  for  each  of  the  tributary  reservoirs. 
This  value  "iras  determined  as  the  difference  in  cost  of  travel  for  a  long 
distaxLce  recreation  seeker  (90  percentile)  as  opposed  to  the  cost  of  travel 


1/  This  method  distributes  multiple-purpose  project  costs  equitably  among  the 
purposes  served.  It  assigns  to  each  purpose  its  separable  cost  and  a 
share  of  the  remaining  joint  costs  in  proportion  to  the  remaining  benefits. 
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for  the  average  recreation  seeker  (50  percentile).  This  difference  reflects 
the  "consumer's  surplus"  or  net  benefit  derived  by  the  median  recreationist.— ' 

Costs.  Specific  costs  of  recreation  facilities  were  estimated 
using  construction  standards  and  expenditiire  estimates  of  the  State  Depart- 
ment of  Parks  and  Recreation.  The  number  of  facilities  required  were 
determined  by  estimating  the  total  recreation  use  for  each  project  and 
constructing  sufficient  new  facilities  each  decade  to  meet  the  predicted 
increase  in  recreation  user  demand  for  that  decade.  Operation,  maintenance, 
and  replacement  costs  were  also  determined  by  using  Derpartment  of  Parks  and 
Recreation  standards. 

Fisheries  Enhancement 

Benefits.  The  area  of  stream  gravels  suitable  for  salmon  spawning 
\-ias   determined  for  various  streamflow  releases  below  each  proposed  reser- 
voir by  field  personnel  of  the  Department  of  Fish  and  Game.  From  these 
gravel  surveys,  an  estimate  was  made  of  the  niimbers  of  salmon  that  could  be 
accommodated  below  each  project  reservoir. 

For  each  100  adiilt  salmon  that  reach  the  spavming  beds  it  was 
estimated  by  Department  of  Fish  and  Game  biologists  that  400  of  their  progeny 
woiild  live  to  reach  maturity.  Of  these,  240  wo\ild  be  caught  commercially, 
60  woiild  be  caught  by  sports  fishermen,  and  100  would  return  to  perpetuate 
the  spawning  cycle. 

Net  fisheries  benefits  attributable  to  each  project  were  computed 
by  multiplying  the  increase  in  numbers  of  fish  caught,  both  commercially  and 
by  sports  fishermen,  by  the  estimated  net  value  of  the  fish. 

The  benefit  accruing  from  commercially  caught  salmon  is  based  upon 
an  average  dockside  price  per  pound  of  569S,  less  the  cost  of  harvesting  by 
a  reasonably  efficient  commercial  operation,  22^  per  poiind,  leaving  a  bene- 
fit value  of  3k^   per  pound.  On  the  basis  of  this  value,  and  an  average 
weight  of  commercially  caught  salmon  of  12  pounds,  the  net  commercial  benefit 
value  per  fish  is  $4.08. 

Benefits  from  sport  salmon  fishing,  both  in  the  rivers  and  in  the 
ocean,  are  based  on  the  estimated  number  of  fisherman  days  needed  to  catch 


1/    "Measurement  of  Recreation  Benefits",  Journal  of  Land  Economics, 
Volume  3k,   Augixst  1958,  by  A.  H.  Trice  and  S.  E.  V7ood. 
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a  salmon,  multiplied  by  the  value  of  a  day's  fishing,  As'hich  was  estinmted 
to  be  $1.80.  This  is  the  same  value  used  for  other  types  of  recreational 
activities. 

Creel  census  studies  conducted  by  the  Department  of  Fish  and 
Game  show  that  the  time  needed  to  catch  each  salmon  is  three  days  for  ocean 
sport  fishing,  and  seven  days  for  river  sport  fishing.  The  resulting  bene- 
fit values  are  $^.kO   for  oceaxi-caught  salmon  and  $12. 60  for  a  river-caught 
salmon.  The  composite  sport  value,  weighted  on  the  basis  of  69  percent 
being  ocean  caught,  and  3I  percent  being  river  caught,  is  $7.65.  Because 
the  life  cycle  of  a  king  salmon  averages  four  years,  it  was  assumed  that 
fisheries  enhajicement  benefits  would  begin  to  accrue  on  the  fifth  year 
following  project  completion. 

Costs.  Two  items  of  specific  costs  would  be  incurred  by  the 
fishery  enhancement  purpose.  The  first  would  consist  of  costs  of  acquiring 
access  rights- of -^ray  along  the  stream  channels  for  management  purposes;  the 
second  would  consist  of  costs  of  planting  fingerling  salmon  until  the  salmon 
runs  become  established  by  natural  propagation.  The  cost  of  acquiring 
access  rights-of-way  to  each  stream  was  estimated  from  recent  comparable 
land  sales.  The  cost  of  stocking  the  stream  with  fingerlings  w3,s  based  on 
planting  200  fingerlings  for  each  potential  returning  spa\mer  at  a  cost  of 
1^  per  fingerling  for  the  first  foiir  years  following  project  completion. 

Flood  Control 

Benefits.  Flood  control  benefits  accruing  from  projects  construo 
ted  on  tributary  streams  were  divided  into  two  general  categories:   (l)  bene- 
fits based  on  reduction  of  local  damages  along  the  tributaries  between  the 
damsite  and  the  streams'  confluence  vnLth  the  Sacramento  River,  and  (2)  those 
benefits  derived  fi-om  reducing  or  preventing  losses  due  to  flooding  of 
"remote"  lands  along  the  Sacramento  River  between  Red  Bluff  and  Colusa. 

Benefits  on  tributaries  were  determined  by  first  assessing  all 
available  actual  flood  damage  data  compiled  by  the  Corps  of  Engineers  and 
the  Department  of  V/ater  Resources  and  converting  the  damages  from  floods 
of  record  to  average  anniial  damages.  A  rough  reconnaissance  estimate  of 
local  flood  damages  was  then  made  under  proposed  project  conditions.  The 
difference  in  damages  "with"  and  "without"  the  project  represent  the  local 
flood  control  benefits  to  the  project. 
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It  has  been  shown  in  previous  studies  that  if  flood  control 
storage  is  provided  on  Sacramento  River  tributary  streams,  some  measure  of 
flood  control  vri.ll  result  between  Red  Bluff  and  Colusa.  Detailed  studies 
to  determine  the  effectiveness  of  flood  control  provided  by  seven  reser- 
voirs on  Cow,  Cottonwood,  and  Thomes  Creeks  indicated  that  about  t-va.ce  as 
much  storage  would  be  needed  on  the  tributaries  to  provide  the  sajne  degree 
of  flood  protection  between  Red  Bluff  and  Colusa  as  would  be  supplied  by 
Iron  Canyon  Reservoir.  The  annual  flood  control  benefits  related  to  active 
storage  capacity  at  Iron  Canyon  were  found  to  be  about  $1.^0  per  acre- 
foot.  Therefore,  a  conservative  value  of  50$^  per  acre- foot  of  active  stor- 
age capacity  was  assigned  as  a  "remote"  incremental  flood  control  benefit 
to  each  of  the  tributary  reservoirs  considered. 

Costs.  Since  no  specific  flood  control  featxires  were  included  in 
the  tributary  reservoir  plans,  no  specific  costs  were  determined. 

Conservation  for  Local  Irrigation 

Benefits.  Increased  productivity  would  result  from  the  applica- 
tion of  project  \rateT   to  lands  presently  dry  farmed  or  receiving  only  a 
partial  water  supply.  The  procedure  utilized  in  determining  benefits 
involves  the  subtraction  of  all  farm  costs,  except  annual  land  and  water 
costs,  from  the  gross  farm  income  to  obtain  the  net  return  to  land  and  water. 
Benefits  are  the  difference  between  the  returns  to  land  and  irater  resulting 
ittth  the  project  axid  those  which  \d.ll   accrue  in  the  area  during  the 
analysis  period  if  no  project  is  built. 

Costs.  Specific  costs  of  the  irrigation  features  of  a  project 
are  those  costs  connected  with  the  distribution  of  -v/ater.  For  the  puDrpose 
of  this  study  the  initial  costs  of  facilities  required  to  move  the  v/ater  from 
the  storage  site  to  the  main  body  of  the  service  area  were  estimated  and 
included.  Annual  operation  and  maintenance  costs  of  the  main  canal  and 
appiirtenant  structures  were  also  included  as  specific  costs. 

Conservation  for  Export 

Benefits.  A  demajid  for  additional  export  water  at  the  Sacramento- 
San  Joaqioin  Delta  above  that  developed  by  the  initial  State  V/ater  Facilities 
is  expected  to  develop  by  I98O.  Benefits  resulting  from  replenishment  and 
augmentation  of  the  Delta  water  supply  were  estimated  to  be  $20  per  acre- 
foot  for  the  period  198O-I99O,  and  $15  per  acre-foot  thereafter.  These 


-85- 


benefits  were  derived  as  the  net  benefits  to  service  areas  of  the  State 
Water  Facilities  after  deducting  the  costs  of  -irater  delivery  from  the  Delta 
to  the  service  area.  The  virban  water  supply  benefits  were  estimated  on 
the  basis  of  the  most  favorable  alternative  supply,  including  anticipated 
reductions  in  the  cost  of  sea  -vTater  conversion  in  Southern  California. 

At  this  stage  of  planning,  it  \ib.s   not  possible  to  perform  opera- 
tion studies  of  the  tributary  reservoirs  conjunctively  \dth  all  other 
storage  facilities  in  the  Sacramento- San  Joaquin  River  system.  Therefore, 
the  follo\djig  empirical  method  was  developed  to  estimate  the  Delta  yield 
produced  from  tributary  reservoir  projects. 

New  yield  to  the  Sacramento- San  Joaquin  Delta  from  any  size 
reservoir  was  determined  by  the  follo\^ang  formula: 

Y  -  ^t-\+I-R-S   ^ 

s E 

I'Jhere:    Y  =  Annual  firm  e:cport  yield  at  the  Delta 
S^=  Active  reservoir  storage 

3-^=  Storage  required  to  produce  local  yield  requirement 
I  =  Inflov;  to  reservoir  during  months  of  surplus  flows  in 

the  Delta  during  the  critical  -v/ater  supply  period 
R  =  Release  for  project  pirrposes  during  months  of  Delta 

svirplus 
S  =  Uncontrolled  reservoir  spill  during  months  of  Delta 

surplus 
E  =  Average  anniial  evaporation  from  the  reservoir 

The  critical  -vrater  supply  period  at  the  Delta  ivas  estimated  to  be 
seven  years;  however,  when  an  allowejice  is  made  for  two  50  percent  deficien- 
cies in  delivery  in  critically  short  years  of  irater  supply,  the  effective 
critical  period  becomes  six  years.  Consequently,  six  vjas  used  as  the 
denominator  in  the  above  formiila. 

Costs.  No  specific  costs  would  be  incurred  when  benefits  from 
conservation  of  water  for  export  are  determined  in  the  manner  described 
above. 

Municipal  and  Industrial  Uses 

A  study  of  the  present  municipal  and  industrial  water  supplies 
in  areas  that  could  be  served  from  any  tributary  reservoir  revealed  that 
existing  supplies  are  adequate,  both  in  quantity  and  quality,  to  meet 
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both  present  and  future  requirements.  Consequently,  no  municipal  or 
industrial  water  id.ll  be  supplied  from  project  reservoirs. 

Hydroelectric  Pover 

Preliminary  studies  of  the  hydroelectric  power  potential  at 
tributary  reservoir  sites  showed  that  cost  of  power  development  V70uld  be 
greater  thaji  expected  revenues.  Therefore,  the  purpose  of  poi/er  develop- 
ment ^^'as  not  included  in  any  of  the  tributary  reservoir  projects. 

Economic  Justification  Studies 
Comparison  of  the  present  worth  of  prir.ifl.ry  project  benefits  and 
the  present  worth  of  project  costs  is  commonly  expressed  in  the  form  of 
a  ratio,  called  the  benefit-cost  ratio.  A  project  nay  be  considered  to  be 
economically  justified  if  its  tangible  primary  benefits  exceed  its  costs 
of  design,  construction,  operation,  maintenance,  and  replacement;  in  other 
words,  if  its  benefit-cost  ratio  exceeds  unity.  The  fact  that  this  ratio 
does  not  reflect  intangible  or  secondary  benefits  should  be  kept  in  mind, 
however,  when  raalcLng  economic  comparisons  between  projects. 

Cost  Allocation  Studies 

Cost  allocation  is  the  process  of  apportioning  costs  of  a  multiple- 
purpose  project  equitably  among  the  various  purposes  served  by  the  project. 
This  is  an  essential  step  in  the  economic  evaluation  process  since  it  provides 
the  basis  for  determining  the  amoimt  to  be  paid  by  each  of  the  project  bene- 
ficiaries for  the  various  project  services.  Tlie  allocation  embraces  all 
project  costs,  including  costs  of  construction,  operation,  maintenance  and 
replacement.  The  concept  of  cost  allocation  assumes  that  the  total  cost 
of  combining  several  puorposes  in  a  comprehensive  project  is  substantially 
less  than  the  s\im  of  the  costs  of  separate  projects  provided  for  each  pirrpose, 
and  that  the  savings  derived  through  use  of  multiple-purpose  structures 
should  be  shared  by  all  pixrposes. 

'iThile  there  are  several  available  methods  of  allocating  costs  of 
a  project,  the  separable  costs  —  remaining  benefits  method  is  generally 
considered  to  be  superior.  Consequently,  this  method,  which  has  been  recom- 
mended by  the  Federal  Interagency  Committee  on  VJater  Resources  for  general 
use  in  allocating  costs  of  federal  multiple-purpose  river  basin  projects, 
is  used  by  the  Department  of  V/ater  Resources.  Briefly,  the  separable  costs 
remaining  benefits  method  involves: 
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1.  Determination  of  jiistifiable  costs  through  evaliiation 
of  the  benefits  accming  to  each  purpose,  such  benefits  limited 
by  the  least  costly  alternative. 

2.  Determination  of  the  separable  costs  of  each  purpose.* 

3.  Subtraction  of  the  separable  costs  from  the  justifiable 
costs. 

h.     Assignment  to  each  piirpose  of  a  share  of  the  residual 
or  remaining  joint  costs  in  proportion  to  the  remaining  benefits. 

Flans  for  Development  of 
Cottonwood  Creek  Basin 

Cottonwood  Creek,  the  largest  tributary  stream  system  in  the 
Upper  Sacramento  River  Basin,  drains  an  area  of  about  950  square  miles, 
and  produces  a  mean  annual  runoff  of  about  520,000  acre-feet.  Its  major 
tributaries  are  the  Worth,  Middle,  Cold,  Dry,  and  South  Forks.  Other 
smaller  tributaries  include  Beegum  and  Salt  Creeks. 

During  this  investigation  potential  dam  and  reservoir  sites 
were  studied  on  each  of  the  major  tributaries  of  Cottonwood  Creek. 
Those  sites  that  were  found  to  warrant  detailed  investigation  consist  of 
the  following: 

1.  Ilulen  on  North  Fork  Cottonwood  Creek,  k   miles  upstream 
from  the  confluence  id.th  the  Middle  Fork,  and  15  miles  west  of 
the  town  of  Cottonwood. 

2.  Fiddlers  on  Mddle  Fork  Cottonwood  Creek,  9  miles 
upstream  from  the  confluence  \T±th   the  North  Fork. 

3.  Rosewood  on  Dry  Fork,  7  miles  upstream  from  the 
confluence  \id.th  the  South  Fork. 

k.     Cold  Fork  Diversion  on  Cold  Fork  Cottonwood  Creek, 
8  miles  upstream  from  the  confluence  ^^d.th  South  Fork. 

5.  Dippingvat  on  South  Fork  Cottonwood  Creek,  27  miles 
upstream  from  the  junction  1^dth  Cottonwood  Creek,  and  20  miles 
west  of  Red  Bluff. 

Each  of  these  projects  is  discussed  in  detail  in  the  follow- 
ing sections. 


*     Separable  costs  represent  the  difference  in  cost  between  the  multiple- 
purpose  project  -v/ith  all  piirposes  included,   and  the  project  cost  \>/ith 
that  purpose  excluded. 
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Hulen  Project 
The  Hulen  Project  is  located  in  Shasta  County  and  consists  of 
a  dam  and  reservoir  on  North  Fork  Cottonwood  Creek,  downstream  irrigation 
canals,  recreation  and  vdldlife  habitat  development  facilities,  and 
iiirproveraent  of  the  stream  channel  of  Cottonwood  Creek  below  the  confluence 
vdth  the  North  Fork.  The  drainage  area  tributary  to  Hulen  damsite  is  about 
86  square  miles.  The  estimated  average  annual  runoff  for  the  period  1921-22 
through  19i^0-4l  vras  121,000  acre-feet  -when  corrected  for  ma^ltaxm   futiire 
upstream  water  use. 

Project  Analysis 

A  reservoir  formed  by  a  dam  at  the  Htilen  site  would  provide 
downstream  releases  for  irrigation  in  the  Gas  Point  Road  subservice  area 
and  improve  the  salmon  spa\vning  areas  in  the  main  stem  of  Cotton-^rood  Creek. 
The  reservoir  irould  also  provide  excellent  areas  for  recreation  develop- 
ment, a  small  raeasiire  of  flood  control  in  the  areas  along  Cottonwood  Creek 
and  along  the  Sacramento  River,  and  new  crater  to  increase  the  export  yield 
from  the  Sacramento- San  JoaqirLn  Delta.  Preliminary  studies  of  the  Hulen 
Project  indicated  that  a  demand  would  exist  for  each  of  the  above  project 
purposes.  Detailed  studies  were  then  made  to  determine  whether  or  not  each 
of  these  purposes  were  economically  justified  for  inclusion  in  the  project. 
Resiilts  indicated  that  the  specific  costs  of  each  of  these  project  purposes 
were  less  than  the  benefits  that  would  be  derived;  consequently,  each 
purpose  -iras  included  in  the  project  sizing  analysis.  In  this  study,  local 
project  purposes  were  given  first  consideration  in  project  forraxilation. 

Reservoir  Sizing.  Project  costs  and  benefits  were  estimated  for 
a  range  of  reservoir  sizes  which  varied  from  a  smaller  reservoir  capable 
of  supplying  only  local  ivater  demands  to  a  large  reservoir  limited  only  by 
Avater  supply  or  demand  for  project  services  and  including  all  possible 
project  purposes.  Comparable  costs  and  benefits  were  studied  to  determine 
the  size  that  would  yield  maximum  net  benefits.  This  study  revealed  that 
a  multiple- purpose  reservoir  with  a  storage  capacity  of  136,000  acre-feet 
at  a  normal  pool  elevation  of  869  feet  above  sea  level  provided  maximum 
net  benefits. 
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The  project  wo\ild  provide  armvial  yields  of  38,000  acre-feet  for 
fisheries  enhancement,  2^4-, 000  acre-feet  for  local  irrigation  use,  and  would 
increase  the  firm  yield  at  the  Delta  by  ahout  3^^000  acre-feet  annually. 

General  Features.  The  Hulen  Project  as  proposed  would  consist 
of  the  following  project  features:   (l)  dam  and  appurtenant  structures, 
(2)  reservoir,  (3)  stream  improvement  for  salmon  spa-^ming,  (k)   main  irri- 
gation canal,  and  (5)  recreation  facilities.  General  project  features  are 
shown  in  Figure  2. 

Project  Operation.  Project  water  yields  were  determined  from 
operation  studies  completed  in  accordance  with  the  operation  criteria  set 
forth  at  the  heginning  of  this  chapter.  The  reservoir  ;ra,s  operated  to 
supply  maximum  requirements  for  local  irrigation,  and  to  provide  for 
maximtim  salmon  enhancement.  Consideration  was  also  given  to  development 
of  water  for  export  and  to  flood  control  protection.  Table  17  presents  an 
annual  s\;unmary  of  the  monthly  operation  study  of  the  Hulen  Project. 

Geology 

Geologic  studies  at  Hulen  damsite  included  a  review  of  all  avail- 
able information  from  previous  investigations.  No  foundation  ejrploration 
at  the  damsite  \<ra.s   performed  by  the  Department  of  V/ater  Resources;  however, 
information  from  explorations  conducted  by  the  U,  S.  Birreau  of  Reclamation 
in  19^5  ■^■ra.s  utilized.  At  that  time  four  diamond  drill  holes  (two  on  the 
right  abutment,  one  on  the  left  abutment,  and  one  in  the  stream  channel) 
were  drilled  to  explore  foundation  conditions  at  the  damsite. 

Geologic  siirface  mapping  of  the  damsite  v/as  completed  by  the 
Department  during  this  investigation  and  several  auger  holes  were  drilled 
to  explore  and  obtain  samples  of  possible  impervious  construction  materials. 
Plate  T,   "Hulen  Dam  and  Reservoir  on  North  Fork  Cottonwood  Creek",  shov/^s 
the  geologic  structure  of  the  damsite  and   the  location  of  construction 
material  borrow  areas. 

Damsite  Geology.  Hulen  damsite  is  located  in  an  area  of  moderate 
relief  \rLth   rounded  hills  rising  about  400  feet  above  the  streambed  on 
both  abutments.  Several  terrace  levels  have  been  formed  where  the  stream 
in  former  geologic  times  meandered  in  a  broad  valley  and  deposited  gravel 
on  a  flood  plain.  Do^-mcutting  action  has  since  formed  a  narrow,  steep-v/alled 
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FIGUEE  2 
HULEN  PROJECT 


General  Project  Features 
(All  elevations  are  USGS  datum) 


Dam 


Location Section  l6,  T3ON,  r6w,  MDB&T^ 

Type  Zoned  earthfill 

Height  Above  Streambed,  in  Feet 222 

Crest  Elevation,  in  Feet 882 

Volume  of  Fill,  in  Cubic  Yards  2,^70,000 

Reservoir 

Drainage  Area,  in  Square  Miles 80 

Water  Surface  Elevation  at  Normal  Pool,  in  Feet 869 

Storage  Capacity,  in  Acre-Feet  136,000 

Water  Surface  Area,  in  Acres 2,7^0 

Spillway 

Type Gated  weir  with  three  20'  x  20'  gates 

Weir  Crest  Elevation,  in  Feet 814-9 

Design  Capacity,  in  Second-Feet  30,000 

Outlet  Works 

Type 36- inch  steel  pipe  in  concrete -lined  diversion  tunnel 

Project  Accomplishments 

Local  Irrigation  Yield,  in  Acre-Feet  Per  Year   24,000 

Salmon  Enhancement,  in  Numbers  of  Increased  Annual  Catch  63,000 

Yield  to  Sacramento-San  Joaquin  Delta,  in  Acre-Feet  Per  Year  .  .  ,  3li-,000 
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TABLE  17 

SUMMARY  OF  MONTHLY  OPERATION 
STUDY  OF  HULEN  RESERVOIR 

(In  1,000  Acre-Feet) 


Runoff 

Storage 

y 

Water  Releases  and  Losses                                 | 

Release b/ 

Local 

Fishery 

Year 

on 

Inflow 

for  Prior 

Irriga- 

Enhance- 

Evapo- 

Spill 

Total 

Oct.   1 

Rights 

tion 

ment 

ration 

1921-22 

36.0 

117.3 

l.h 

2l+,0 

38,0 

5.9 

0 

75.3 

22-23 

78.0 

80.7 

2.5 

2l+,0    , 
12, q£/ 

38.0    , 

19. q£/ 

6.3 

0 

70,8 

23-21^ 

87.9 

li+.7 

0 

5.0 

0 

36,0 

2i^-25 

66.6 

189,1+ 

11.1 

2I+.O 

38,0 

7.5 

57.8 

138.1+ 

1925-26 

117.6 

83.2 

2.1+ 

2l+,0 

38,0 

7.1+ 

25.3 

95.1 

26-27 

105.7 

239.9 

8.2 

2I+.O 

38,0 

7.7 

153.6 

231.5 

27-28 

lli+.l 

169.1+ 

1+.8 

2I+.O 

38.0 

7.^ 

102,1 

176.3 

28-29 

107,2 

27.7 

1.1 

2I+.O 

38.0 

5.3 

0 

68,1+ 

29-30 

66.5 

83.0 

2.1+ 

2l+,0 
12, 0£/ 

38.0    ^ 

6.0 

0 

68,1+ 

1930-31 

81.1 

26,9 

0 

19.0c/ 

5.0 

0 

36,0 

31-32 

72.0 

62,3 

I+.9 

2I+.O 

38,0 

1+.9 

0 

71.8 

32-33 

62.5 

1+6.9 

8.2 

2l+,0    , 
12. q£/ 

38.0  ^ 
19. 0£/ 

3.8 

0 

7i+,0 

33- 3i^ 

35.^ 

1+0,1 

0 

3.6 

0 

3I+.6 

3'+-35 

ho. 3 

89.0 

7.2 

21+.0 

38.0 

1+.1+ 

0 

73.6 

1935-36 

56.3 

111+.7 

1.1+ 

21+.0 

38.0 

7.0 

0 

70.1+ 

36-37 

100.6 

61.9 

8.2 

2I+.O 

38.0 

6.1 

0 

76.3 

37-38 

86.2 

3^^8.7 

9.2 

2l+,0 

38.0 

7.6 

236,0 

31I+.8 

38-39 

120.1 

32.8 

0 

2l+,0 

38.0 

6.1+ 

0 

68.1+ 

39-^0 

&\.3 

193.0 

3.8 

2I+.O 

38.0 

7.3 

97.5 

170.6 

1914.0-^4-1 

106.9 

1+03.1 

8.9 

2I+.O 

38.0 

7.7 

311+.6 

393.2 

Average 

81.3 

121.2 

k.k 

6.1 

a/  Estimated  futiire  impaired  flow  at 

Hulen  damsite  under  future 

upstream 

depletions . 

^/  Additional  release  in  May,   Jijne, 

July,  3jad 

August  to 

satisfy 

prior 

downstream  rights. 

c/  Defic 

iency  of 

50  percent  in  release  during 

I92I+,  1931,  and  193^. 

NOTE:      Storage  at 

normal  pool  is  13c 

),000  acre 

-feet.      Storage  on 

Octobe 

r  1 

plus  inflow  minus  water  releases  and  losses  equals  stora 

ge  on  fol-            1 

lowing  October  1. 

A  minimum 

storage  of  13,800  acre-feet 

was 

reached  on  January- 

1,  1935. 

Normal  pool  storage 

of  136, 

000  acre- 

feet  was  reached  during  the  winter  months  of  each  year  in  which 

s 

pills  occurred. 
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canyon  where  resistant  layers  of  sandstone  and  conglomerate  are  present. 
Do^mstreajn  from  the  axis  of  the  dam,  the  canyon  broadens  where  less 
resistant  shale  and  mudstone  occur. 

The  layers  containing  conglomerate  and  sandstone  are  the 
strongest  rock  types  and  will  provide  good  foundation  for  almost  any 
type  of  dam.  The  mudstone  and  shale  are  not  nearly  as  strong,  but  never- 
theless vrotild  provide  a  suitable  foundation  for  a  fill-type  dan. 

Reservoir  Geology.  The  rock  types  in  the  reservoir  are  tight 
sandstones  and  shales.  Consequently,  leakage  from  the  reservoir  should  be 
negligible.  Landslides  A^dll  not  be  a  problem  since  the  rocks  are  not 
deeply  weathered  and  stable  rocks  are  generally  present  close  to  the  sur- 
face. Characteristics  of  the  soil  and  rock  in  the  drainage  area  above 
Hixlen  damsite  indicate  that  deposition  of  silt  in  the  reservoir  would  be 
negligible. 

Construction  Materials.  A  number  of  possible  borrow  areas  for 
impervious  axLd  pervious  materials  and  riprap  were  located  by  the  U.  S. 
Bureau  of  Reclamation  in  their  study  of  the  site  in  19^5*  However,  none 
of  the  materials  were  sampled  or  tested  at  that  time.  In  I958,  as  part  of 
the  Shasta  County  Investigation  conducted  by  the  Department  of  V7ater 
Resoiirces,  three  samples  from  a  road  cut  in  the  Tehama  formation  were  col- 
lected and  tested  for  grading,  compaction,  and  shear  strength. 

Exploration  for  the  current  investigation  included  drilling  20 
auger  holes  in  two  borrow  areas  located  east  and  north  of  the  site.  Samples 
from  seven  drill  holes  were  collected  for  testing.  Quarry  and  pervious 
material  borrow  areas  were  mapped  but  no  subsurface  explorations  were 
performed. 

Practically  unlimited  quantities  of  suitable  impervious  construc- 
tion materials  are  available  v/ithin  1  to  I-1/2  miles  of  the  site.  In  the 

'  proposed  impervious  borrow  area,  v;hich  lies  between  Ridge  Road  and  Gas  Point 
Road,  the  maximvua  thickness  may  be  more  than  100  feet  but  no  deep  holes  have 
been  drilled  to  substantiate  this  possibility.  T^relve  auger  holes  were 
drilled  in  this  area,  but  due  to  presence  of  cobbles  the  depth  of  drilling 

I  ^ra,s  limited  to  less  than  25  feet. 

I  Approximately  2,000,000  cubic  yards  of  gravel,  a  sufficient 

quantity  for  the  pervious  portions  of  the  proposed  dam  embankment,  are 
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available  from  dredger  tailings  located  doimstreani  from  the  confluence  of 
North  Fork  Cottonwood  Creek  and  Cottonwood  Creek.  These  gravels  are  hard 
and  well-rounded  but  appear  to  contain  fines  in  sufficient  quantities  to 
necessitate  processing. 

Several  excellent  sources  of  rock  for  rockfill  or  riprap  are  avail- 
able iTithin  2-1/2  miles  of  the  site.  Massive  sajidstone  beds  occur  just  north 
of  the  Ono-Igo  Road  in  Section  5,  Tovmship  30  North,  Range  6  v/est.  T\ro 
other  suitable  quarry  areas  are  present  along  Huling  Creek  south  of  the 
Ono-Igo  Road. 

Project  Designs  and  Costs 

The  designs  and  costs  of  the  Hulen  Project  are  presented  in  the 
following  paragraphs  under  the  headings  of  Dam  and  Appurtenant  Structures, 
Reservoir,  Irrigation  Distribution  System,  Stream  Management  for  Fisheiy 
Enhancement,  Recreation,  and  Preservation  of  Wildlife. 

Dam  and  Appurtenant  Structtires.  A  zoned  earthfill  dam  consisting 
of  pervious  dredger  tailings  and  an  impervious  earth  core  \-m.s  selected  for 
Hulen  damsite  as  the  most  efficient  use  of  construction  materials  available 
near  the  site.  The  dam  vrould  be  222  feet  high,  would  have  a  crest  iddth  of 
30  feet,  and  a  crest  length  of  about  1,550  feet.  The  crest  elevation  wo\£Ld 
be  at  882  feet  USGS  datujn.  Plate  7  presents  the  plan,  profile,  and  maximum 
section  of  Hulen  Dam. 

The  Embankment  section  iras  designed  to  be  placed  in  two  zones  to 
take  maximum  advantage  of  the  physical  characteristics  of  the  construction 
materials  available.  Zone  one  would  be  constructed  from  materials  suitable 
to  form  an  impervious  central  core  having  side  slopes  of  1  to  1.  Suit- 
able materials  could  be  acqioired  about  1  mile  east  of  the  damsite. 

The  pervious  material  in  zone  two  would  support  the  inrpervious 
core.  Side  slopes  of  2.5  to  1  on  the  upstream  slope  and  2  to  1  on  the  upper 
portion  and  3  to  1  on  the  lower  portion  of  the  dc-mstream  slope  were  found 
to  be  adequate.  Sxii table  pervious  materials  can  be  obtained  from  dredger 
tailings  located  about  h-\j2   miles  doimstream  from  the  dainsite.  The  total 
volume  of  embankment  is  estimated  to  be  2,ij-70,000  cubic  yards. 

Riprap  for  the  upstream  face  of  the  dam  would  come  from  excava- 
tion for  the  spillway  and  from  a  quarry  site  about  2  miles  north  of  the 
damsite. 
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Clearing  and  foundation  preparation  are  not  considered  to  be 
expensive  items  at  this  damsite.  Stripping,  v;hich  was  estimated  to  average 
k   feet  under  the  entire  embankment,  can  be  accomplished  by  common  excava- 
tion with  some  light  blasting.  In  addition,  a  cutoff  trench  about  20  feet 
deep  vrould  be  required  under  the  central  half  of  the  impervious  zone  to 
reduce  seepage.  A  grout  curtain  vrould  also  be  provided  along  the  axis  by 
a  single  line  of  grout  holes  about  10  feet  apart  and  averaging  75  feet 
deep. 

The  Spillway  would  be  located  on  the  right  abutment  in  an  area 
which  is  predominantly  shale,  with  occasional  ssindstone  beds  having  thick- 
nesses of  up  to  15  feet. 

Cost  studies  revealed  that  the  least  total  cost  of  dam  and  appur- 
tenant structures  would  be  realized  by  using  a  gated  spill-vra,y  consisting  of 
(l)  a  75-foot  \d.de  approach  channel,  concrete- lined  for  kO   feet  in  front  of 
the  control  structure,  (2)  a  control  structure  having  a  7-foot  high  concrete 
overflow  weir  fo-unded  on  firm  rock,  and  three  counterweighted,  automatic 
operating,  radial  gates,  each  20  feet  long  and  20  feet  high,  and  an  800-foot 
concrete- lined  chute  section,  71  feet  ■^^dde  at  the  weir  and  narro•^^dng  to  ^5 
feet  at  streambed. 

The  spillway  was  designed  to  meet  the  follo-iNdng  conditions: 

(1)  it  must  pass  the  probable  maximum  flood  i^athout  damage  to  the  dfun,  and 

(2)  it  must  pass  the  maximum  flood  of  record  over  the  spillway  gates  -^d-th 
the  gates  closed.  The  spillway  \ras  designed  to  pass  the  probable  maximiom 
flood  inflo^'/  of  35^000  second-feet  with  a  maximum  \ra,ter  surface  elevation 
of  7  feet  above  normal  pool.  The  maximum  flood  of  record,  8,700  second- 
feet,  was  routed  over  the  top  of  the  spillv/ay  gates  as  a  check  on  the  safety 
of  the  dam  against  overtopping  in  the  event  of  failure  of  the  gate  operating 
mechanism.  On  the  basis  of  the  second  condition,  the  height  of  the  dam  was 
increased  to  provide  13  feet  of  surcharge  elevation  above  the  top  of  the 
gates  instead  of  the  7  feet  required  to  pass  the  probable  maximum  flood. 

The  spillway  gates  would  normally  be  operated  by  electrically 
powered  hoists.  In  additicn,  a  float  chamber  would  be  provided  to  ensure 
automatic  opening  at  a  rate  of  approximately  5  feet  of  gate  rise  to  1  foot 
of  water  surface  rise  at  stages  above  normal  pool.  This  device  '.rould 
function  vdthout  any  external  source  of  power. 
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The  Outlet  Works  would  utilize  a  6- foot  diameter  tvinnel  through 
the  right  abutment  of  the  damsite.  The  tunnel  would  be  used  for  diver- 
sion of  the  streamflow  during  construction.  The  tunnel  would  be  driven 
through  shale,  sandstone,  conglomerate,  and  mudstone.  Tunneling  condi- 
tions should  be  relatively  good  throtighout,  -vriLth  light  to  moderate  support 
required  during  the  tunneling  operation.  Lining  wo\ild  be  required  for  its 
entire  length. 

The  outlet  works  wo\ild  consist  of  (l)  an  intake  structure  con- 
taining two  36- inch  hydraulically  operated  slide  gates  to  draw  \/ater  from 
a  high  and  a  low  level  in  the  reservoir  to  provide  some  control  of  trater 
temperatures  below  the  dam,  (2)  a  36- inch  welded  steel  pipe,  about  1,275 
feet  long,  installed  inside  the  diversion  tunnel,  and  (3)  a  30-inch 
Howell-Bunger  valve  to  dissipate  energy  and  to  assist  in  flov;  regulation. 
The  outlet  works  was  designed  to  release  I50  second-feet  with  a  gross  head 
of  90  feet. 

A  Saddle  Dam  about  ^5  feet  high  and  containing  about  130,000  cubic 
yards  of  fill  woiild  be  required  just  north  of  the  main  dam.  The  embankment 
would  be  a  homogeneous  earthfill  id.th  riprap  on  the  upstream  face. 

Reservoir.  Approximately  4,900  acres  of  land  would  be  acquired 
for  the  reservoir  and  for  areas  suitable  for  recreation  development.  The 
majority  of  this  land  is  vincleared  brush  and  range  land  ■^^ath  scattered 
oak  trees.  About  2,800  acres  vrould  be  vri. thin  the  normal  reservoir  area. 
This  land  would  require  at  least  partial  clearing. 

Relocation  of  Coimty  roads  around  the  reservoir  would  require 
about  one-fourth  mile  of  new  road.  In  addition,  2  miles  of  existing  road 
would  be  improved  and  used  for  access  roads. 

Table  I8  presents  a  summary  of  costs  of  the  Hulen  Dam,  Reservoir, 
and  appurtenances. 
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TABLE  18 

SUM-L/VRY  OF  COSTS  OF  iIULEI\"  DAI-l, 
IvESERVOIE,  MD   APPURTENMCES 


Item 

Construction 
Cost 

Engineering, 
Administration, 
Contingencies, 
and  Interest 

During 
Construction 

Total 
Capital 
Cost 

Dam  and  Appiirtenances 

Embankment 
Spillv/ay 
Outlet  \7orks 
Saddle  Dam 

$3,150,000 
760,000 
i|20,000 
180,000 

Subtotal 

4,510,000 

;i^l,650,000 

$6,160,000 

Reservoir 

Land  Acquisition  and 

Clearing 
Relocation  of  Roads 

and  Utilities 

470,000 
210,000 

Subtotal 

680,000 

250,000 

930,000 

Total 

5,190,000 

1,900,000 

7,090,000 

Irrigation  Distribution  System.  The  Gas  Point  Road  subservice 
area  shov/-n  on  Plate  k   and  in  Figure  2  could  be  served  by  ivater  released 
from  Hulen  Reservoir.  The  vra,ter  could  be  diverted  from  the  Worth  Fork  of 
Cottonwood  Creek  approximately  2-l/2  miles  dovmstream  from  Hvilen  Dam,  and 
from  the  main  stem  of  Cottonwood  Creek  about  3  miles  dotnastream  from  the 
confluence  \vdth  the  North  Fork.  A  canal  leading  from  the  North  Fork  diver- 
sion at  an  elevation  of  approximately  60O  feet  could  deliver  --.iater  by 
gravity  flow  to  the  portion  of  the  service  area  north  of  Cottonwood  Creek. 
This  canal  would  be  concrete- lined,  about  13  miles  long,  and  vrauld  have  a 
maximum  capacity  of  80  second-feet.  The  canal  leading  from  the  diversion 
point  on  Cottonwood  Creek  at  an  elevation  of  about  500  feet  would  deliver 
water  to  the  portion  of  the  service  area  south  of  Cottonwood  Creek.  It 
would  be  concrete- lined,  about  5  miles  long,  and  would  have  a  capacity  of 
10  sec and- feet. 
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Estimated  construction  cost  of  the  canals  and  diversion  struc- 
tiires  is  $1,120,000.  The  total  capitalized  cost  including  operation  and 
maintenance  over  the  50-yea-3^  period  of  analysis  would  be  $1,230,000.  The 
average  annual  equivalent  cost  would  be  $57^200. 

Stream  Management  for  Fishery  Enhancement.  The  entire  length  of 
the  main  stem  of  Cottonwood  Creek  from  the  confluence  of  the  Mddle  and 
North  Forks  to  the  Sacramento  River  could  be  improved  for  salmon  spaiming 
\T±th   water  released  from  Hulen  Reservoir.  In  order  to  properly  manage  the 
stream  channel  and  improve  some  areas  for  maximvmi  spaiming  capacity  it  would 
be  necessary  to  acquire  rights  to  manage  and  operate  the  channel.  The 
area  required  would  be  about  600  acres  and  would  cost  about  $l80,000. 

It  is  estimated  that  the  present  annual  spavming  salmon  runs  in 
Cottonwood  Creek  average  1,000  fish.  With  enhanced  flows  provided  by  this 
project,  the  spasming  run  could  be  increased  to  23,000  fish,  or  an  increase 
of  22,000.  This  would  increase  the  adult  salmon  catch  by  about  66,000 
annioally. 

It  was  estimated  that  to  initiate  the  increased  spawning  runs, 
the  streajn  shoiild  be  stocked  \n.th   fingerling  salmon  at  the  rate  of  200 
fingerlings  per  adult  spavmer  for  each  of  the  first  four  years  following 
project  construction.  This  would  cost  about  $44,000  per  year  for  four 
years . 

IVIaintenance  of  the  stream  channel  wcruld  be  minor,  and  could  be 
carried  out  by  the  Regional  Headquarters  of  the  Department  of  Fish  and 
Game.  Therefore,  no  annual  cost  was  assigned  to  the  project  for  operation 
and  maintenance  of  the  spawning  gravels. 

The  total  estimated  initial  cost  of  improving  the  salmon  runs  in 
the  main  stem  of  Cottonwood  Creek  would  be  $320,000.  The  average  annual 
equivalent  cost  would  be  $l4,900. 

Recreation.  Estimates  of  the  recreation  facilities  needed  to 
meet  projected  recreation  demands  were  made  to  determine  if  the  site  could 
be  developed  to  meet  the  demands  and  to  estimate  the  cost  of  recreation 
facilities.  Estimated  recreation  demands  woiild  require  about  60  recreation 
units  during  the  first  decade  of  project  operation.  These  units  were 
designed  only  for  day  use  because  of  the  overnight  faci]j.ties  provided 
at  existing  nearby  i-Tater  projects.  The  number  of  recreation  units  required 
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to  meet  future  demands  was  also  estimated  on  the  basis  of  recreation  use 
projections. 

Costs  of  the  recreation  facilities  were  based  on  state  park 
experiences  and  were  estimated  to  be  $2,100  per  recreation  unit.  This 
unit  cost  would  include  \ra,ter  supply  and   sanitary  facilities  and  interior 
recreation  roads.  Costs  of  other  recreation  facilities  such  as  boat 
launching  areas  and  shamming  beaches  were  estirap.ted  separately. 

Costs  of  operation,  maintenance,  and  replacement  of  the  recre- 
ation facilities  were  estima.ted  from  costs  incurred  at  similar  existing 
recreation  areas.  This  cost  was  found  to  be  a.bout  30^  per  visitor  day 
of  use.  Appendix  A  includes  a  discussion  of  the  recreation  potential 
of  the  Hulen  Project. 

The  total  present  worth  cost  of  recreation  facilities,  including 
operation,  mfi.intenance,  and  replacement  during  the  50-year  period  of 
analysis,  is  $1,  l80,000.  The  average  annual  eq^uivnlent  cost  is  $5^,900. 

Preservation  of  V/ildlife.  Department  of  Fish  and  Game  studies 
show  that  development  of  the  Hulen  Project  would  cause  loss  of  habitat 
for  deer  and  quail.  These  studies  indicate  that  control  and  improvement 
of  about  620  acres  of  land  above  maxiravun  reservoir  pool  elevation  on  the 
south  side  of  the  reservoir  would  be  required  to  compensate  for  loss  of 
deer  range. 

New  quail  habitat  could  be  provided  on  a  i)0-acre  tract  located 
on  the  north  side  of  the  reservoir  below  Ono  Road. 

A  detailed  description  of  the  lands  and  improvements  required 
for  v/ildlife  mitigation  is  presented  in  Appendix  B,  "Fish  and  V/ildlif e"  . 

Initial  habitat  development  costs  are  estimated  to  be  $30,000. 
Deer  range  habitat  manipulation  is  estimated  to  cost  $20,000  at  10- year 
intervals.  The  total  present  worth  value  of  wildlife  preservation  costs 
would  be  $130,000.  The  equivalent  average  annual  cost  V70uld  be  about 
$6,000. 

Summary  of  Project  Costs.  A  summary  of  the  estimated  project 
costs  during  the  50-year  period  of  analysis  is  presented  in  Table  I9. 
The  capital  cost  of  the  project  is  estimated  to  be  $8,830,000.  Present 
worth  of  total  e:-qpenditures  is  estimated  to  be  $10,380,000.  The  average 
annual  equivalent  cost  would  be  $^(53,000. 
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TABLE  19 
SUMMARY  OF  HULEN  PROJECT  COSTS 


Project  Feature 

Present  Worth 

Average 

Annual 

Equivalent 

Cost 

Operation, 
Capital     Maintenance,    Total 
Cost      Replacement, 
and  General 
Expenses 

Dam,  Reservoir,  eind 

Appurtenances        $7,090,000      $430,000    $  7,520,000   $350,000 

Irrigation  Canals       1,120,000      110,000      1,230,000     57^200 

Access  Rights  and  Stream 
Improvements  for  Salmon 
Spavming               320,000            0        320,000     lU,900 

Recreation  Facilities      510,000*      670,000      l,l80,000     5^,900 

Preservation  of  Wildlife    30,000      100,000       130,000      6,000 

Total              9>  070, 000                 10,380,000    i*83,000 

*  Includes  present  worth  value  of  future  facilities. 

Project  Accomplishments  and  Benefits 

Both  the  local  and  statewide  economy  would  benefit  from  construc- 
tion of  the  Hulen  Project  as  proposed  herein.  The  accomplishments  and 
benefits  from  each  project  purpose,  due  to  construction  of  a  reservoir  '.dth 
a  storage  capacity  of  136,000  acre-feet,  are  discussed  in  this  section. 

Local  Irrigation.  The  Gas  Point  Road  subservice  area  as  shoi.-n 
on  Plate  h     contains  7,000  acres  of  land  classified  as  irrigable.  Of  this 
area,  6,600  acres,  having  a  majciraum  annual  vra.ter  reqiiirement  of  20,000 
acre-feet,  could  be  served  by  this  project. 

The  proposed  project  would  provide  a  firm  annual  yield  of  24,000 
acre-feet  at  the  reservoir  on  an  irrigation  schedule.  This  would  meet 
projected  maximum  future  demands  for  irrigation  xrater   in  the  Gas  Point 
Road  subservice  area  and  x/ould  allow  4,000  acre- feet  of  transportation 
losses. 

Irrigation  benefits  would  average  about  $187,000  amiually.  The 
present  worth  value  of  this  benefit  would  be  about  $4,020,000. 
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Fishery  Enhancement.  Department  of  Fish  and  Game  sttidies  show 
that  gravels  in  19  miles  of  the  main  stem  of  Cottonwood  Creek  would  he  excel- 
lent for  salmon  production  if  water  is  provided  in  the  proper  amounts  at  the 
proper  time  and  temperat\rre.  Illustration  1  shows  two  typical  sections  of 
these  potential  spawning  gravels.  Hulen  Reservoir  as  proposed  herein  would 
provide  near  optimum  \7ater  requirements  for  fish.  A  firm  iv-ater  supply  of 
about  38,000  acre-feet  made  available  on  a  fisheries  demand  schedule  would 
produce  about  22,000  adult  salmon  spavmers  annually.  The  monthly  distribu- 
tion of  this  demand  is  sho^m  in  Table  I6.  Historical  streamfloir  records 
indicate  that  in  other  months  flow  requirements  for  incubation  of  eggs  ajid 
transportation  of  fry  would  be  supplied  by  natural  streamflow  from  the  remain- 
der of  the  Cottonwood  Creek  drainage  basin. 

Figure  3  shows  the  flow  in  Cottonwood  Creek  during  the  spa-\-naing 
season  under  project  conditions,  as  compared  to  the  median  impaired  flo'..'  for 
the  period  1922  to  19^1.  Recorded  monthly  flows  for  a  typical  dry  year  are 
also  sho\m.  Regulation  of  North  Fork  Cottonwood  Creek  at  times  of  high  flow 
during  the  spavming  season  irill  also  be  an  accomplishment  of  the  project, 
since  a  reduction  of  high  flows  in  the  stream  channel  \n.ll   a,llow  more  produc- 
tive use  of  available  gravels. 

An  annual  increase  of  22,000  adult  spammers  in  Cottonwood  Creek 
would  produce  an  increase  in  the  ocean  commercial  catch  of  about  52,000. 
The  sport  catch  would  be  increased  by  about  1^1,000. 

Annual  benefits  from  this  increased  salmon  catch  would  be  about 
$2ij-l,000o  The  capitalized  value  would  be  about  $5,l80,O00.  The  method 
used  to  compute  these  benefits  was  presented  earlier  in  this  chapter.  A 
more  detailed  description  of  the  salmon  potential  and  possible  production 
is  presented  in  Appendix  B. 

Recreation.  Uater-associated  recreation  in  the  form  of  boating, 
picnicking,  reservoir  fishing,  and  siidmming  woiild  be  provided  at  Hulen 
Reservoir,  Provision  of  water  for  fishery  enhancement  would  be  especially 
compatible  with  reservoir  recreation  since  water  stored  for  fishery  enhance- 
ment purposes  wo\ild  not  be  released  until  after  the  recreation  season  (June 
through  September).  V/ith  adequate  facilities  provided  for  the  predicted 
demand,  it  is  estimated  that  about  40,000  recreation  visitor-days  of  use 
would  occur  annually  at  the  beginning  of  project  operation,  increasing  to 
270,000  visitor-days  annually  by  year  2020.  Appendix  A  presents  the  total 
estimated  visitor-day  use  by  decades  at  Hulen  Reservoir. 
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IlluEtration  1 
Potential  Sal-non  Snaiviiirif/  Gravels   in  Main  Stern  Cotton-,.-ood  Creek 


Loold.ng  upstreaiTi  at  Department  of  Fisli  and  G?xie  Gtv.dy  section  located  about 
17  miles  from  the  Sacreinento  River.      Kote  the  excellent  spa^.Tiing  gravels 
?jad  riffles. 


Looking  do\,Tistreain  from  U.   S.   HiKhvray  99  bridge  about  5  miles   from  the 
Sacramento  River.     Hote  the  abundance  of  suitable  salmon  spa\,rDan£  gravels, 
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FIGURE    3 


COMPARISON   OF  AVERAGE    MONTHLY  STREAM    FLOWS 
IN    NORTH    FORK    COTTONWOOD    CREEK 
BELOW  HULEN    DAM    DURING  THE    SALMON    SPAWNING    SEASON 
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Total  recreation  benefits  for  this  project  were  estimated  to 
have  a  capitalized  value  of  about  $4,000, 000»  The  equivalent  average 
anniial  benefit  would  be  $186,000. 

Flood  Control.  Under  present  conditions,  agricultural  lands 
along  the  main  stem  of  Cottonwood  Creek  suffer  flood  damages  at  frequent 
intervals.  Damages  come  from  iniondation  of  farming  land  and  from  stream 
bank  erosion.  There  is  occasionally  some  damage  to  public  facilities,  such 
as  roads  and  bridges  and  very  infrequently  some  residential  and  commerical 
property  is  damaged. 

Because  Hulen  Reservoir  wo\ild  be  operated  to  supply  irrigation 
and  fishery  enliancement  vTater  during  the  summer  and  fall  months,  there 
would  generally  be  at  least  40,000  acre-feet  of  reservoir  storage 
available  on  December  1  to  impound  flood  ira.ters.  Reduction  in  flood 
damages  in  the  lower  Cottonwood  Creek  area  due  to  this  flood  reservation 
storage  was  estimated  at  $20,000  annually.  The  capitalized  value  of  this 
amount  would  be  $430,000. 

As  stated  earlier,  an  annual  flood  control  benefit  of  50  cents 
per  acre- foot  of  active  storage  "VTas  assigned  to  each  tributary  reservoir 
for  flood  reduction  in  the  Sacramento  Valley  betvreen  Red  Bluff  and  Colusa. 
This  remote  benefit  would  total  about  $65,000  annually.  The  capitalized 
value  of  this  amount  would  be  $1,400,000. 

Total  capitalized  value  of  flood  control  benefits  woiild  be 
$1,830,000.  The  equivalent  average  annual  value  is  $85,000. 

Conservation  for  Export.  Since  Hulen  Reservoir  would  be  operated 
largely  for  fishery  enhancement,  water  vAiich  previously  would  have  reached 
the  Delta  during  periods  of  spill  would  now  be  delivered  during  periods 
of  deficiency.  It  is  estimated  that  crater  conserved  by  this  project  would 
increase  the  annual  Delta  yield  by  about  34,000  acre-feet. 

Benefits  from  this  water  woiiLd  have  an  average  annual  equivalent 
value  of  $365,000.  The  capitalized  value  would  be  $7,850,000. 

S-ummary  of  Project  Benefits.  A  summary  of  the  estimated  project 
benefits  during  the  50- year  period  of  ajialysis  is  presented  in  Table  20. 
The  present  worth  value  of  the  total  benefits  v/hich  would  accrue  over  the 
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50-year  period  is  estimated  to  be  $22,880,000.  The  equivalent  average 
annual  benefit  would  be  $1,064,000. 

TABLE  20 
SWIMARY  OF  HULEN  PROJECT  BEflEFITS 


Project  Piirpose 


Present  \vorth  Average  Annual 

of  Total  Benefits Equivalent  Benefits 


Local  Irrigation  $  i<-,  020, 000  $  167,000 

Fishery  Enhancement  5,l80,000  2it-l,000 

Recreation  4,000,000  186,000 

Flood  Control  1,830,000  85,000 

Conservation  for  Export  7,850,000  365,000 

Total  22,880,000  1,064,000 


Economic  Justification 

For  a  project  to  be  economically  justified,  the  primary  tan- 
gible benefits  from  the  project  must  exceed  the  total  project  cost  when 
reduced  to  a  similar  time  basis.  In  other  words,  the  benefit-cost  ratio 
must  be  greater  than  -ui^ity. 

The  present  worth  value  of  the  project  benefits  \Tas   estimated 
to  be  $22,880,000.  The  total  capitalized  cost  of  the  project,  based  on 
1963  price  levels  and  including  the  present  worth  value  of  futiure 
expenditures  for  additions  ajid  for  operation  and  maintenance,  \ias   estimated 
to  be  $10,380,000.  The  resulting  comparison  of  benefits  and  costs  indi- 
cate that  the  project  is  economically  jiistified  by  a  ratio  of  2.2  to  1.0. 

Allocation  of  Project  Costs 

A  preliminary  cost  allocation  vras   made  to  determine  the  proportions 
of  the  cost  of  the  multiple-purpose  project  that  should  be  charged  to  each 
of  the  various  project  purposes.  The  separable  costs  —  remaining  benefits 
method  of  analysis  was  used.  For  each  of  the  purposes,  the  benefits  set 
forth  above  vrould  be  limited  by  the  least  costly  alternative  method  of 
providing  the  service.  Table  21  presents  a  summary  of  the  preliminary  cost 
allocation.  This  allocation  shows  that  the  cost  of  producing  new  i^ra-ter 
supplies  to  the  Delta  would  be  only  $114,000  for  34,000  acre-feet  of  yield. 
Since  it  v/as  assiimed  that  the  demand  for  additional  Delta  crater   \.lll  not 
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occur  until  I98O,  ^vater  would  be  delivered  only  during  the  last  40  years  of 
the  period  of  project  analysis.  Based  on  this  assumption,  the  cost  per 
acre-foot  of  water  delivered  would  be  about  $5.30.   The  additional  cost  of 
conveyance  facilities  to  the  area  of  use  would  increase  the  cost  to  the 
user. 

The  allocated  costs  of  developing  local  agricultural  water  require- 
ments is  $95,000  for  20,000  acre-feet  of  yield,  or  about  $4.80  per  acre- 
foot.  This  cost  is  only  slightly  less  than  the  alternative  cost  of  groiind 
■water  development  v/hich  was  estimated  to  be  $6  per  acre-foot.  The  possi- 
bility therefore  exists  that  local  interests  might  elect  to  develop  ground 
■water  to  satisfy  the  demand  for  irrigation  water  in  the  Gas  Point  Road 
subsearvice  area  rather  -than  to  develop  a  surface  supply  from  the  Hulen 
Project. 

In  the  event  that  local  \r3.ter   demands  might  be  developed  from 
another  source,  an  alternative  Hulen  Project  -ivas  analyzed  which  excluded 
local  irrigation  as  a  project  piirpose.  A  svunmary  of  the  costs  and  accom- 
plishments of  this  alternative  project  is  presented  in  the  follo■^^Q.ng  section 
of  the  report. 

Alternative  Hulen  Project 

In  viev;  of  the  possibility  that  ground  ■v/ater  development  for 
irrigation  might  be  more  desirable  from  the  local  users'  standpoint  than 
a  surface  supply,  or  that  the  local  agency  may  elect  to  delay  development 
of  irrigable  lands,  this  section  presents  a  Eulen  Project  which  excludes 
local  irrigation  as  a  project  purpose. 

Reservoir  sizing  studies  for  a  multiple-purpos e  fishery  enhance- 
ment, recreation,  flood  control,  and  export  project  indicated  that  a  reser- 
voir mth  132,000  acre-feet  of  storage  capacity  would  maximize  net  project 
benefits.  Figiire  h   presents  the  project  features  and  accomplishments  of 
the  Alternative  Hulen  Project.  The  total  capitalized  cost  of  the  project 
woTild  be  $9,040,000.  Project  benefits  accruing  over  the  50-year  period 
and  reduced  to  present  worth  values  are  $19,300,000.  The  average  annual 
equivalent  costs  and  benefits  are  $421,000  and  $900,000,  respectively. 
The  resulting  benefit-cost  ratio  of  2.1  to  1.0  indicates  an  economic  justi- 
fication that  is  only  slightly  lower  than  that  of  the  previously  described 
Hulen  Project.  Consequently,  a  H\ilen  Project  with  or  without  local 
irrigation  development  is  economically  justified  at  the  present  time. 
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FIGURE  k 

ALTERMATIVE  HULM  PROJECT 


General  Project  Features 
(All  elevations  are  USGS  datum) 


Dam 


Location Section  l6,   T30N,  r6w,  MDB&M 

Type  Zoned  Earthf ill 

Height  Above  Streambed,  in  Feet  220 

Crest  Elevation,  in  Feet 880 

Volume  of  Fill,  in  Cubic  Yards 2>00,000 

Reservoir 

Drainage  Area,  in  Square  Miles  86 

Water  Surface  Elevation  at  Normal  Pool,  in  Feet 867 

Storage  Capacity,  in  Acre-Feet  132,000 

Water  Surface  Area,  in  Acres 2,6i*-0 

Spillway 

Type Gated  weir  with  three  20'  x  20'  gates 

Weir  Crest  Elevation,  in  Feet 8^7 

Design  Capacity,  in  Second-Feet  30,000 

Outlet  Works 

Type  36-inch  steel  pipe  in  concrete -lined  diversion  tunnel 

Project  Accomplishments 

Local  Irrigation  Yield,  in  Acre-Feet  Per  Year  0 

Salmon  Enhaxicement,  in  Numbers  of  Increased  Annual  Catch 75,000 

Yield  to  Sacramento-San  Joaquin  Delta,  in  Acre-Feet  Per  Year  .  .  .  35>CKX) 
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Dippingvat  Project 

The  Dippingvat  Project  consists  of  a  dam  and  reservoir  on  South 
Fork  Cottonwood  Creek,  recreation  facilities  around  the  reservoir,  stream 
improvement  for  salmon  spawning,  and  wildlife  habitat  development.  The 
damsite  is  in  Tehama  County  about  27  miles  upstream  from  the  confluence  of 
South  Fork  Cottonwood  Creek  and  the  main  stem  of  Cottonwood  Creek.  The 
drainage  area  tributary  to  the  damsite  is  about  127  square  miles.  The 
estimated  average  annual  runoff  from  1921-22  through  19^0-^1  was  102,000 
acre- feet. 

Almost  the  entire  length  of  the  South  Fork  channel  has  excellent 
gravels  siii table  for  salmon  spawning.  However,  during  the  spa-ira.ing  season 
streamflow  is  generally  inadequate  and  only  a  few  fish  utilize  the  stream 
in  its  natural  condition.  Illustration  2  shows  the  available  gravels  at  two 
sectioiBof  South  Fork  Cottonwood  Creek  below  Dippingvat  Reservoir.  A 
reservoir  formed  by  a  dam  at  the  Dippingvat  site  would  conserve  high  winter 
ruaoff  for  release  down  the  channel  at  the  proper  time  to  provide  substan- 
tial enhancement  to  the  present  salmon  runs.  In  addition  the  reservoir 
would  provide  suitable  environment  for  vrater-associated  recreation  devel- 
opment; it  would  provide  some  flood  control,  both  in  the  area  along  Cotton- 
vrood  Creek  and  along  the  Sacramento  River;  and  it  would  increase  the  export 
yield  from  the  Sacramento- San  Joaquin  Delta. 

Project  Analysis 

Preliminary  study  of  the  Dippingvat  Project  indicated  that  there 
would  be  a  demand  for  each  of  the  following  project  purposes:  local  irriga- 
tion, fishery  enhancement,  recreation,  flood  control,  and  conservation  for 
export.  Studies  were  then  made  to  determine  if  each  of  these  purposes  were 
economically  justified  for  inclusion  as  project  functions.  Results 
indicated  that  the  specific  costs  of  each  purpose  v/ere  less  than  the  benefits 
that  would  be  derived;  consequently,  each  purpose  \-r8.s   included  in  the 
project  sizing  analysis. 

Reservoir  Sizing.  Net  benefits  for  all  proposed  project  pvirposes 
were  estimated  for  reservoirs  with  various  storage  capacities.  Two  multiple- 
purpose  projects  were  sized  to  maximize  the  net  project  benefits.  One 
project,  which  included  the  purposes  of  local  irrigation,  fishery  enhancement. 
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Illustration  2 
Potential  Salmon  Spai/ning  Gravels  in  South  Fork  Cottonirood  Creek 


Looking  dovmstreara  from  Oxl)o\.'  Bridge  about  ;?  tniles  below  Dippingvat  darasite. 
Even  this  far  upstream  (22  miles  from  Main  Stem  Cottonwood  Creek)  good 
spavming  gravels  are  available. 


Looking  across  the  stream  chajmel  about  5  miles  upstream  from  I-lain  Stem 
Cottonwood  Creek.  Mote  the  wide  expanse  of  potential  spavming  gravels. 
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recreation,  flood  control,  and  conservation  for  export,  \ib.s   foimd  to  have 
maximum  net  project  benefits  \d.t'h   a  reservoir  having  a  storage  capacity 
of  7^,000  acre-feet.  A  similar  project  which  included  all  proposed  purposes 
except  local  irrigation  v/as  also  studied.  This  project  vrould  produce 
maximum  net  benefits  with  a  reservoir  having  a  storage  capacity  of  71,000 
acre- feet. 

In  order  for  a  given  purpose  to  be  included  in  a  project,  the 
separable  costs  of  including  that  purpose  must  be  less  than  the  justifiable 
cost.  The  justifiable  cost  represents  either  the  estimated  benefits  or 
the  least  costly  alternative  which  could  provide  the  services,  whichever 
is  less. 

A  preliminary  analysis  \!a.s   made  to  determine  if  all  of  the 
proposed  project  purposes  could  be  economically  included  in  the  project. 
The  mlnimiun  annual  cost  of  including  local  irrigation  as  a  project  purpose 
■tras  found  to  be  $65,000  annually,  whereas  the  alternative  cost  of  groiind 
irater  development  was  only  $5^,000  annually.  Therefore,  local  irrigation 
^■ra,s  excluded  as  a  project  purpose  for  Dippingvat  Reservoir.  The  separable 
cost  of  all  other  purposes  vas   less  than  the  justifiable  cost,  so  the 
project  which  maximized  net  benefits  for  these  purposes  i-ra.s  formulated. 
Dippingvat  Reservoir  -v/as,  therefore,  sized  1^dth  a  storage  capacity  of 
71,000  acre-feet. 

General  Features.  The  Dippingvat  Project  as  proposed  would  con- 
sist of  the  follomng  project  featiires:   (l)  dam  and  appurtenant  structures, 
(2)  reservoir,  (3)  stream  improvement  for  salmon  spasming,  and  {k)   recre- 
ation facilities.  General  project  featvires  are  shown  in  Figure  5« 

Project  Operation.  Operation  studies  of  the  reservoir  to  deter- 
mine project  \ra.ter  yields  were  completed  in  accordance  \d.th  the  operation 
criteria  set  forth  at  the  beginning  of  this  chapter.  The  reservoir  wa.s 
operated  to  provide  maximum  salmon  enhancement,  reservoir  recreation, 
export  yield,  and  flood  control.  Table  22  presents  an  annual  summary  of  the 
monthly  operation  study  of  the  Dippingvat  Project  -ivdth  a  storage  capacity 
of  71,000  acre-feet.  IIo  yield  -ira-s  supplied  for  local  irrigation  since  groimd 
water  could  be  developed  at  a  lov/er  cost. 
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FIGURE  5 
DIPPINGVAT  PROJECT 


General  Project  Features 
(All  elevations  are  USGS  datum) 


Dam 


Location Section  36,  T2TN,  R7W,  MDB&M 

Type Earth  and  Rockfill   , 

Height  Above  Streambed,  in  Feet 210  j 

Crest  Elevation,  in  Feet 1,183 

Volume  of  Fill,  in  Cubic  Yards l,i4-20,000 

Reservoir 

Drainage  Area,  in  Square  Miles  12? 

Water  Surface  Elevation  at  Normal  Pool,  in  Feet 1,1^9 

Storage  Capacity,  in  Acre-Feet  71,000 

Water  Surface  Area,  in  Acres 975 

Spillway 

Type Gated  weir  with  two  kO'   x  30'  radial  gates 

Weir  Crest  Elevation,  in  Feet 1>139 

Design  Capacity,  in  Second-Feet  62,000 

Outlet  Works 

Type  6-foot -diameter  concrete  horseshoe  tunnel  with  slide  gates 

Project  Accomplishments 

Local  Irrigation  Yield,  in  Acre-Feet  Per  Year  0 

Salmon  Enhancement,  in  Numbers  of  Increased  Annual  Catch  ....  127,000 
Yield  to  Sacramento- San  Joaquin  Delta  in  Acre-Feet  Per  Year  .  .  .  22,000 
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Geology 

Dippingvat  damsite  is  located  in  an  area  of  moderate  relief  and 
northwest- trending  ridges  and  valleys.  The  damsite  was  formed  by  the  South 
Fork  Cottonvrood  Creek  -vAiich  has  cut  a  V-shaped  notch  in  Rocky  Ridge.  This 
ridge  consists  of  resistant  layers  of  sandstone  and  conglomerate  which  dip 
northeast-v/ard  at  angles  of  35  to  k^   degrees. 

Damsite  Geology.  The  rock  which  forms  the  foixndation  for  the 
proposed  dam  is  composed  of  doi-mstream  dipping  beds  of  mudstone,  conglom- 
erate, and  sandstone  of  various  thicknesses.  The  nudstone  is  firm  and 
compact,  but  it  is  brittle  and  slakes  rapidly  when  exposed  to  air.  The 
conglomerate  is  hard,  well  cemented,  massive,  and  composed  of  pebbles  and 
small  cobbles  in  a  matrix  of  sand.  Competent  sandstone  occurs  near  the 
toe  of  the  proposed  dam  in  beds  which  vary  from  a  few  inches  to  several  feet 
in  thickness. 

Several  faults  exist  at  the  damsite  as  shown  on  Plate  8, 
"Dippingvat  Dam  and  Reservoir  on  South  Fork  Cottonwood  Creek" .  The  most 
significant  faiilt,  A-iiich  cuts  directly  through  the  V-notch,  has  experienced 
about  75  to  100  feet  of  apparent  horizontal  displacement.  Some  goiige  or 
sheared  shale  appears  in  a  narrow  zone  along  the  fault  but  other^vdse  there 
has  been  little  disturbance  of  the  rock  adjacent  to  the  fault.  Some 
special  treatment  and  cleaning  out  of  the  sheared  material  will  be  neces- 
sary but  the  fault  does  not  appear  to  be  a  serious  defect  in  the  fovindation 
and  would  not  jeopardize  the  safety  of  the  dam. 

No  subsvirface  foundation  exploration  nor  rock  testing  has  been 
conducted  at  the  damsite.  However,  similar  rock  exists  at  the  Fiddlers 
damsite  and  resvilts  of  extensive  tests  made  on  the  mudstone,  the  weakest 
rock  unit,  indicate  that  rock  at  this  site  would  provide  a  suitable 
foundation  for  a  fill-type  dam. 

The  spill-vra,y  would  be  founded  on  beds  of  shale,  sandstone,  mud- 
stone,  and  conglomerate.  Because  of  the  erodible  natiire  of  the  mudstone, 
complete  lining  of  the  spillway  would  be  necessary. 

The  stream  diversion  and  outlet  works  t\mnel  would  be  located  in 
the  left  abutment.  Tunneling  conditions  should  be  good,  and  only  light 
support  would  be  required.  However,  lining  would  be  reqioired  to  prevent 
erosion. 
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Reservoir  Geology.  The  reservoir  area  is  underlain  by  beds  of 
raudstone,  sandstone,  and  siltstone.  Formations  of  this  type  should  not 
present  any  problem  of  leakage  from  the  reservoir  or  landslides  Into  the 
reservoir.  Reservoir  silting  would  be  very  minor. 

Construction  I-4a.terlals .  Exploration  for  construction  materials 
that  could  be  used  for  Dippingvat  dam  was  very  limited.  Fovir  a\iger  holes 
vere   drilled  in  a  possible  impervious  borrow  area  about  2-l/2  miles  east 
of  the  damsite  sjid  several  samples  of  the  material  were  tested  in  the 
laboratory.  These  tests  indicated  that  the  practically  ■unlimited  quanti- 
ties of  material  available  from  this  source  would  be  suitable  for  irrrpervi- 
ous  fill. 

Pervious  materials  sixLtable  for  a  transition  between  an  imper- 
vious core  and  a  rock  shell  would  be  available  about  2-1/2  miles  do^/n- 
stream  from  the  damsite  at  McCartney  Place.  The  material  consists  of  an 
estimated  l80,000  cubic  yards  of  streaia-deposited  sand  and  gravel. 

An  excellent  source  of  rockflll  ma.terial  is  available  one- half 
mile  do-vmstream  from  the  site.  Tlie  rock  is  well  cemented,  medivun- grained 
sandstone  which  occurs  in  several  beds  ranging  in  thickness  between  30  and 
So  feet.  Each  of  these  beds  is  overlain  by  layers  of  sandstone  and 
mudstone. 

An  additional  source  of  rockflll  can  be  obtained  by  selective 
quarry  operations  at  a  site  located  south  of  the  stream,  although  consid- 
erable waste,  consisting  of  mudstone  and  thin  sandstone  beds,  vdll  probably 

be  necessary. 

Possible  sources  of  fill  material  are  sho\m  on  the  materials 

location  map  on  Plate  8, 

Project  Designs  and  Costs 

The  designs  and  costs  of  the  Dippingvat  Project  are  presented 
in  the  follOAd.ng  paragraphs  under  the  headings  of  dam  and  appiirtenant 
structiires,  reservoir,  stream  management  for  fishery  enhancement,  preser- 
vation of  valdlife,  and  recreation. 

Dam  and  Appurtenant  Structures.  A  composite  earth  and   rockflll 
dam  consisting  of  quarried  rock  and  an  impervious  earth  core  tos  selected 
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for  Dippingvat  damsite.  This  type  of  dam  v/as  chosen  to  make  the  best 
economic  use  of  available  construction  materials  while  assiiring  adequate 
safety  of  the  dam  stiructure. 

The  dam  would  be  210  feet  high,  would  have  a  crest  ^/idth  of  30 
feet,  and  a  crest  length  of  about  65O  feet.  The  crest  wovild  be  at 
elevation  1, I83  feet,  USGS  datura.  Plate  8  presents  the  plan,  profile,  and 
maximum  section  of  Dippingvat  dam. 

The  cmbantouent  section  was  designed  to  be  placed  in  four  zones. 
Zone  1  would  be  an  inrpervious  central  core  having  side  slopes  of  0.75  to 
1.0.  Sufficient  material  sviitable  for  the  impervious  section  is  avail- 
able about  2-1/2  miles  east  of  the  damsite. 

The  sandstone  beds  one- half  mile  doimstream  from  the  daunsite 
would  supply  sufficient  material  for  the  roclcfill  section,  designated  as 
Zone  2  on  Plate  8.  The  outside  slopes  of  the  dam  would  be  placed  at  2.5 
to  1  on  the  upstream  face  and  at  2  to  1  on  the  do-imstream  face. 

Stream-deposited  sands  and  gravels  would  be  used  for  Zone  k,   the 
transition  between  the  impervious  and  rockfill  sections. 

Clearing  and  foundation  preparation  would  not  be  expensive  items 
at  this  damsite.  An  estimated  average  depth  of  stripping  of  6  feet  would 
be  necessary  under  the  entire  structure  iriLth  an  additional  10-foot  cutoff 
trench  under  the  impervious  section  to  reduce  seepage.  Seepage  through 
the  abutments  would  be  controlled  by  placing  a  grout  curtain  londer  the 
inipervious  section  of  the  embankment. 

The  total  embankment  volume  for  Dippingvat  Dam  would  be  about 
1,420,000  cubic  yards. 

The  Spillway  would  be  excavated  through  the  ridge  which  forms 
the  right  abutment.  Excavation  would  be  through  beds  of  shale,  conglo- 
merate, and  sandstone.  Most  of  the  shales  could  be  ripped,  but  blasting 
would  be  necessary  in  the  conglomerate  and  sandstone. 

Cost  studies  indicated  that  the  least  total  cost  of  dam  and 
appurtenant  structures  would  be  realized  by  using  a  gated  spillway.  The 
spill-^ray  structure  would  consist  of  (l)  a  90-foot-\\dde  approach  channel 
which  vrauld  be  entirely  concrete-lined  to  prevent  erosion,  (2)  a  control 
structvire  consisting  of  a  9-foot-high  cone  ete  overflow  vreir  founded  on 
firm  rock,  -v/ith  three  coxmterweighted,  autoraa.tic-operating  radial  gates. 
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each  kO   feet  long  and  20  feet  high,  and  (3)  a  65O- foot-long,  concrete- 
lined  chute  section  -lath  a  constant  bottom  -width  of  80  feet. 

The  spillway  \ia.s   designed  to  meet  the  follovang  conditions: 
(1)  it  must  pass  the  probable  maximum  flood  lathout  damage  to  the  dam, 
and  (2)  it  must  pass  the  maximum  flood  of  record  over  the  spillway  gates 
•with  the  gates  closed.  The  spillvay  \ib.s   designed  to  pass  the  probable 
maximum  flood  inflow  of  62,000  second-feet  ^-ath  a  maximum  spillv/ay 
discharge  of  60,000  second-feet  and  a  maximum  \rater   surface  elevation 
7  feet  above  normal  pool.  The  maxim\am  flood  of  record,  15,000  second- 
feet,  was  routed  over  the  top  of  the  spill^/ay  gates  as  a  check  of  the 
safety  of  the  dam  against  overtopping  in  the  event  of  failure  of  the  gate 
operating  mechanism.  On  the  basis  of  this  flood  routing  study,  the  height 
of  the  dam  was  increased  to  provide  ik   feet  of  surcharge  elevation  above 
normal  pool. 

The  spillway  gates  wo\iLd  normally  be  operated  by  electrically 
powered  hoists.  In  addition,  a  float  chamber  would  be  provided  to  ensure 
automatic  opening  at  a  rate  of  approximately  5  feet  of  gate  rise  to  1 
foot  of  -ft'ater  surface  rise  at  stages  above  normal  pool.  This  device  would 
function  ivithout  any  external  source  of  power. 

A  Tunnel  through  the  left  abutment  of  the  damsite  wovild  serve  a 
dual  purpose.  It  would  be  used  for  diversion  of  the  streamflow  during  con- 
struction and  would  house  the  outlet  condioit  after  the  dam  had  been 
constructed.  The  tunnel  would  require  only  minor  support,  but  \.'Ould  be 
completely  concrete  lined. 

The  outlet  works  would  consist  of  (l)  an  intake  structure  which 
would  contain  two  36- inch  hydraulically  operated  slide  gates  to  draw  irater 
from  a  high  and  a  lov;  level  in  the  reservoir  to  provide  some  control  of 
■vra,ter  temperatiires  below  the  dam,  (2)  a  30-inch  welded  steel  pipe  in- 
stalled in  the  dovmstream  60  feet  of  the  diversion  tunnel,  and  (3)  a 
30-inch  Hovrell-Bvinger  valve  which  would  be  used  to  dissipate  energy  and  to 
regulate  flow.  The  outlet  works  was  designed  to  release  I50  second- feet 
at  minimum  pool  elevation. 

Reservoir.  Approximately  2,200  acres  of  land  must  be  acquired 
for  the  reservoir  and  areas  s\iitable  for  recreation  development.  The 
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majority  of  this  land  is  uncleared  brush  and  range  land  ■'.■.dth  scattered 
oak  trees.  About  98O  acres  would  be  \d.thin  the  proposed  reservoir  area. 
This  area  would  require  at  least  partial  clearing.  There  are  no  roads  or 
utilities  in  the  reservoir  area. 

Table  23  presents  a  siiramary  of  capital  costs  of  Dippingvat  dam, 
reservoir,  and  appurtenances. 


TABLE  23 

SUMI-iARY  OF  COSTS  OF  DIPPIHGVAT  DAM, 
RESERVOIR,  AND  /ITURTEliMrcES 
(In  Dollars) 


Item 

Construction 
Cost 

Engineering, 
Administration, 
Contingencies, 

and  Interest 
During  Construction 

Total 
Capital 
Cost 

Dain  and  Appurtenances 

Embankment 
Spill\ra,y 
Outlet  i-/orks 

2,460,000 

1,880,000 

380,000 

Subtotal 

4,720,000 

1,780,000 

6,500,000 

Reservoir 

Tand  Acquisition  and 
Clearing 

90,000 

Construction  Faciliti 
and  Access  Roads 

es 

200,000 

Subtotal 

290,000 

110,000 

400,000 

Total 

5,010,000 

1,890,000 

6,900,000 

stream  I'-lanagement  for  Fishery  Enhanceraent.  The  entire  length  of 
South  Fork  Cottonwood  Creek  below  Dippingvat  damsite  and  that  portion  of 
the  main  stera  Cottonwood  Creek  below  the  confluence  with  the  South  Fork 
could  be  improved  for  salmon  spawning  lath  water  released  from  Dippingvat 
Reservoir.  In  order  to  properly  manage  the  stream  channel  and  improve  some 
areas  for  maximum  spasming  capacity,  it  would  be  necess8.ry  to  acquire 
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rights  to  manage  the  entire  length  of  the  channel.  The  area  required 
would  be  about  900  acres  and  would  cost  about  $270,000. 

It  \rs,s   estimated  that  the  present  average  annual  salmon  run   in 
this  reach  of  stream  is  about  1,000  fish.  VJith  irriproved  flows  provided 
by  the  proposed  project,  the  annual  run  coiild  be  increased  to  44,000  fish, 
or  an  increase  of  about  43,000. 

In  order  to  initiate  the  salmon  runs  the  stream  should  be 
stocked  with  fingerling  salmon  at  the  rate  of  200  fingerlings  per  adult 
spawner  for  each  of  the  four  years  folloid-ng  project  construction.  The 
costs  of  these  fish  vrauld  be  about  $88,000  per  year  for  foiH"  years. 

Minor  maintenance  of  the  stream  channel  could  be  carried  out 
by  the  Regional  Headquarters  of  the  Department  of  Fish  and  Game; 

consequently,  no  annual  costs  were  assigned  to  the  project  for  operation 
and  maintenance  of  the  spa's-.'ning  gravels. 

Total  estimated  initial  cost  of  increasing  the  salmon  runs  in 
South  Fork  Cottonwood  Creek  would  be  $590,000.  The  average  annual  equiva- 
lent cost  would  be  $27,500. 

Preservation  of  Wildlife.  Department  of  Fish  and  Game  studies 
show  that  development  of  the  Dippingvat  Project  would  cause  loss  of  habitat 
for  deer  and  quail.  Their  estimates  indicate  that  control  and  improvement 
of  about  580  acres  of  land  above  the  maximum  reservoir  pool  elevation  on 
the  south  side  of  the  reservoir  would  be  required  to  compensate  for  deer 
range  and  quail  habitat  losses. 

Initial  development  costs  of  this  land  are  estimated  to  be 
$27,500.  Deer  range  habitat  manipulation  is  estimated  to  cost  $12,800 
at  10- year  intervals.  The  total  present  worth  value  of  valdlife  preserva- 
tion costs  would  be  $110,000.  The  equivalent  average  annual  cost  would  be 
$5,100. 

Recreation.  Estimates  of  the  recreation  facilities  needed  at  the 
Dippingvat  Project  to  meet  the  projected  recreation  demand  were  made  to 
determine  if  the  site  could  be  developed  to  meet  the  demand  and  to  estimate 
the  cost  of  providing  recreation  facilities.  Estimated  demands  would  sup- 
port about  15  recreation  units  during  the  first  decade  of  project  operation. 
These  recreation  imits  were  designed  for  day  use  only.  The  number  of 
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recreation  units  required  to  meet  the  future  demand  -v/as  also  estims-ted 
on  the  basis  of  recreation  use  projections. 

Costs  of  the  recreation  facilities  were  based  on  state  park 
experiences  and  were  estimated  to  be  $2,100  per  recreation  \mit.  This  unit 
cost  vrould  include  water  supply  and  sanitary  facilities  and  interior  recre- 
ation roads.  Costs  of  other  recreation  facilities  such  as  boat  la'unching 
areas  and  s-id.mming  beaches  were  estimated  separe-tely. 

Costs  of  operation,  maintenance,  and  replacement  of  the  recre- 
ation facilities  were  estimated  from  costs  incurred  at  similar  recreation 
areas.  This  cost  \-ras   found  to  be  about  30^   per  visitor  day  of  use. 

The  total  present  irorth  cost  of  recreation  facilities  including 
present  worth  of  operation,  maintenance,  and  replacement  is  $350,000. 
The  average  annual  equivalent  cost  is  $l6,300. 

Summary  of  Project  Costs.  A  summary  of  the  estimated  project 
costs  during  the  50-year  period  of  analysis  is  presented  in  Table  2^. 
Capital  cost  of  the  project  is  estimated  to  be  $7^ 700^000*  The  estimated 
present  worth  of  the  total  expenditures  is  $8,290,000.  The  average 
annual  equivalent  cost  would  be  $386,000. 

TABLE  2k 

SUMMARY  OF  DIPPINGVAT  PROJECT  COSTS 


Project  Feature 


Present  Worth 


Operation,  Ifein- 

tenance  and    Total 


Capital   „  T 
Cost     Replacement 


Average 
Annual 
Equivalent 
Cost 


Dam,  Reservoir,  and 
Appurtenanc  es 

Access  Rights  and  Stream 
Improvement  for  Salmon 
Spavming 

Recreation  Facilities 

Preservation  of  l/ildlife 

Total 


$6,900,000   $3^^-0,000    $7,2l|-0,000  $337,100 


590,000 

180,000* 
30.000 


7,700,000 


0 

170,000 
80.000 


590,000 
350,000 

110.000 


27,500 
16,300 

5.100 


8,290,000       386,000 


*     Includes  present  worth  value  of  futirre  expenditures. 
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Project  Accomplishments  and  Benefits 

Both  the  local  and  statevdde  economy  would  benefit  from  the 
Dippingvat  Project  as  proposed  herein.  The  accomplishments  and  benefits 
from  each  project  purpose,  due  to  construction  of  a  reservoir  ■v/ith  a 
storage  capacity  of  71^000  acre-feet,  are  discussed  in  this  section. 

Fishery  Enhancement.  Figure  6  shows  the  flow  in  South  Fork 
Cottonwood  Creek  during  the  spasming  season  for  project  conditions 
compared  to  the  median  impaired  flow -for  1922  throvigh  19^+1.  Recorded 
monthly  flows  for  a  typical  dry  year  are  also  shov/n.  Regulation  of  South 
Fork  Cottonwood  Creek  at  times  of  high  flow  during  the  spavming  season 
\/ill  also  be  an  accomplishment  of  the  project.  By  reducing  the  high 
flows  in  the  spawning  channel,  more  productive  use   can  be  made  of  the 
available  gravels. 

The  assured  fishery  enhancement  releases  provided  by  the 
Dippingvat  Project  wouJLd  make  sufficient  gravels  available  for  an  esti- 
mated 43,000  adult  salmon.  This  would  provide  an  annual  increase  in 
the  ocean  commercial  catch  of  about  102,000  salmon.  The  sport  catch  would 
be  increased  by  about  25,000  salmon  annually.  Benefits  from  increased 
production  produced  by  these  salmon  would  have  a  capitalized  value  of 
$10,iK)0,000.  This  is  equivalent  to  an  average  annual  benefit  of  $48^4-, 000. 

Recreation.  Uater-associated  recreation  in  the  form  of  boat- 
ing, picnicking,  reservoir  fishing,  and  sidmrning  would  be  provided  at 
Dippingvat  Reservoir.  An  estima,ted  use  of  about  10,000  visitor-days  would 
occur  annually  at  the  beginning  of  project  operation,  increasing  to  70^000 
visitor-days  annually  by  year  2020. 

Total  recreation  benefits  for  this  project  ^.-ere  estimated  to  have 
a  capitalized  value  of  about  $1  million.  The  equivalent  average  annual 
benefit  ^;ould  be  $46,000. 

Flood  Control.  Under  present  conditions,  agricultural  lands 
along  the  main  stem  of  Cottonwood  Creek  downstream  from  the  confluence 
i/ith  the  South  Fork  suffer  flood  damages  at  frequent  intervals.  Dama.ges 
come  from  inundation  of  farming  land  and  from  streambank  erosion.  There 
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FIGURE    6 


COMPARISON    OF  AVERAGE    MONTHLY  STREAM    FLOWS 

IN    SOUTH    FORK    COTTONWOOD   CREEK 

BELOW   DIPPINGVAT  DAM    DURING  THE    SALMON    SPAWNING    SEASON 
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is  occasionally  some  damage  to  public  facilities,  such  as  roads  and  bridges, 
and  very  infrequently  some  residential  and  commercial  property  is  damaged. 

Because  Dippingvat  Reservoir  would  be  operated  to  supply  fishery 
enhancement  releases  dviring  the  summer  and  fall  months,  about  30^000  acre- 
feet  of  reservoir  storage  would  generally  be  available  on  December  1  to 
inipovind  flood  vraters.  The  annual  reduction  in  flood  damages  in  the  lower 
Cotton V700d  Creek  area  due  to  this  flood  reservation  storage  ivas  estimated 
to  be  about  $20,000  annually. 

As  stated  earlier,  an  annual  flood  control  benefit  of  50f5  per 
acre-foot  of  active  storage  ■tvas  assigned  to  each  tributary  reservoir  for 
flood  reduction  in  the  Sacramento  Valley  between  Red  Bluff  and  Colusa. 
This  remote  benefit  would  total  about  $33,000  annually.  Annual  flood 
control  benefits  would,  therefore,  total  about  $53 > 000.  The  capitalized 
value  of  this  amount  would  be  $1,1^0,000. 

Conservation  for  Export.  By  virtue  of  Dippingvat  Reservoir 
being  operated  to  provide  water  for  fishery  enhancement,  water  which 
previously  would  have  reached  the  Delta  during  periods  of  spill  vrauld 
instead  be  regulated  and  released  during  periods  of  deficiency.  Water 
conserved  by  this  project  would  increase  the  annual  Delta  yield  by  about 
22,000  acre-feet. 

Benefits  from  this  water  would  have  an  average  annual  equivalent 
value  of  $2^10,000.  The  capitalized  value  of  this  benefit  is  $5,150,000. 

S\jmmary  of  Project  Benefits.  A  summary  of  the  estimated  proj- 
ect benefits  during  the  50-year  period  of  analysis  is  presented  in 
Table  25.  The  present  worth  value  of  the  total  benefits  which  would  accrue 
to  the  project  is  $17,690,000.  The  average  annual  equivalent  value  is 
$823,000. 


TABLE  25 
SUivIMARY  OF  DIPPINGVAT  PROJECT  BENEFITS 


Present  V/orth 

Average  Annual 

Project  Purpose 

of 

Equivalent 

Total  Benefits 

Benefit 

Fishery  Enhancement 

$10,400,000 

$kQkjOOO 

Recreation 

1,000,000 

46,000 

Flood  Control 

l,l40,000 

53,000 

Conservation  for  Export 

5.150.000 

240,000 

TOTAL 

17,690,000 

823,000 

Economic  Justification 

The  present  worth  value  of  project  benefits  was  estimated  to  be 
$17,690,000.  The  total  capitalized  cost  of  the  project,  based  on  I963 
price  levels  and  including  the  present  worth  value  of  future  expenditures 
for  additions  and  for  operation  and  maintenance,  was  estimated  to  be 
$8,290,0000  The  resulting  comparison  of  benefits  and  costs  indicate  that 
the  project  is  economically  justified  by  a  ratio  of  2.1  to  1. 

Allocation  of  Project  Costs 

A  preliminary  cost  allocation  was  made  to  determine  the  proportions 
of  the  multiple-purpose  project  costs  that  should  be  borne  by  each  of  the 
various  project  purposes.  These  costs  were  apportioned  according  to  the 
separable  costs  —  remaining  benefits  method  of  analysis.  For  each  of  the 
purposes  the  benefits  set  forth  above  would  be  limited  by  the  least  costly 
alternative  of  providing  the  service.  Table  26  presents  the  results  of  the 
preliminary  cost  allocation. 

The  allocation  to  the  22,000  acre-feet  of  export  yield  was  estimated 
to  be  $86,000  ajinually.  Since  it  was  assvuned  that  the  demand  for  additional 
water  in  the  Delta  will  not  occur  until  I98O,  water  woiild  be  delivered  only 
during  the  last  kO   years  of  the  period  of  project  analysis.  Based  on  this 
assumption,  the  cost  per  acre- foot  of  water  delivered  would  be  $6.30. 
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TABLE  26 

DIPPINGVAT  PROJECT 

PRELBUKARY  ECONOMIC  COST  ALLOCATION 

(Based  on  average  annual  equivalent  values  in  dollars) 


Conserva- 

Fishery 

Flood 

tion  for 

Total 

Enhancement  Recreation 

Control 

Export 

Benefits 

$ii-84,000 

$it6,000 

$53,000 

$2lv0,000 

$813,000 

Alternative  Costs 

359,000 

1/ 

y 

137,000 



Total  Justifiable 

Costs  2/ 

359,000 

i^6,000 

53,000 

137,000 

595,000 

Separable  Costs  3/ 

?7;„90_o 

16,000 

0 

12,000 

35,000 

Remaining  Benefits  hj 

302,000 

30,000 

53,000 

125,000 

510,000 

Percentage  Distribu- 

tion of  Remaining 

Benefits 

59.2 

5.9 

10  A^ 

24.5 

100.0^ 

Total  Project  Cost 

386,000 

Total  Separable  Cost 

85,000 

Total  Remaining  Joint 

Costs 

301,000 

Allocated  Remaining 

Joint  Costs  5/ 

178,000 

18,000 

31,000 

74,000 

301,000 

Separable  Costs 

57,000 

16,000 

0 

12,000 

85,000 

Total  Allocated 

Costs 

235,000 

3^,000 

31,000 

86,000 

386,000 

1/  Assumed  to  be  in  excess  of  benefits 

2/  The  justifiable  cost  is  the  smaller 

of  the 

two  values 

,  benefits 

ajid 

alternative  costs. 

_3/  Separable  costs  are 

the  difference 

between 

the  total 

project  cost,  and 

the  cost  with  a  given  purpose  excluded. 

V  Remaining  benefits 

represent  the  difference 

between  total  justifiable 

costs  and  the  separable  costs. 

_5/  Remaining  joint  costs  are  allocated 

in  accordance  with  the  percentage 

distribution  of  remaining  benefits. 
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Fiddlers  Project 

Fiddlers  Project  in  Shasta  County  would  consist  of  Fiddlers  dam, 
reservoir,  and  appiirtenances  on  Middle  Fork  Cotton vraod  Creek;  recreation 
facilities  around  the  reservoir,  and  29  miles  of  improved  stream  channel 
in  the  Mddle  Fork  and  main  stem  of  Cottonwood  Creek. 

Fiddlers  damsite  is  located  about  10  miles  upstream  from  the 
confluence  of  the  1-Iiddle  and  North  Forks  of  Cottonwood  Creek,  The  drainage 
area  above  the  site  is  222  square  miles.  Estimated  annual  runoff  for  1921- 
22  through  19^+0-41  averaged  about  137,000  acre-feet. 

Fiddlers  Project  could  develop  20,000  acre- feet  of  local  agri- 
cultxiral  water  for  use  in  the  Gas  Point  Road  subservice  area,  and  increase 
the  salmon  population  in  the  Middle  Fork  and  main  stem  Cottonwood  Creek 
by  about  30,000  fish  annually.  In  addition  it  could  provide  substantial 
■vra.ter-associated  recreation  benefits,  provide  a  measure  of  flood  control 
in  the  area  along  Cottonwood  Creek  and  along  the  Sacramento  River,  and 
develop  37^000  acre-feet  of  new  yield  for  export  to  the  Sacramento- San 
Joaquin  Delta. 

Studies  were  made  to  determine  if  each  of  the  above  purposes  were 
justified  for  inclusion  in  the  project  analysis.  Results  indicated  that 
each  purpose  could  be  considered  since  the  specific  cost  attributed  to 
each  purpose  would  be  less  than  the  benefits  derived. 

Reservoir  Sizing 

Project  costs  and  benefits  were  estimated  for  reservoirs  which 
varied  in  size  from  20,000  to  175,000  acre-feet.  Projects  including 
various  combinations  of  purposes  were  studied  to  determine  the  project  size 
which  would  provide  maximum  net  benefits.  During  this  study  it  was  found 
that  no  project  could  be  formulated  in  which  the  benefits  would  exceed  the 
costs. 

For  illustrative  purposes  a  Fiddlers  Project  which  includes  a 
170,000  acre-foot  reservoir  is  discussed  herein. 

Project  Operation 

Project  v/ater  yields  were  determined  by  operation  studies  completed 
vinder  operation  criteria  set  forth  at  the  beginning  of  this  chapter.  The 


■126- 


reservoir  \ra,s  operated  to  supply  local  irrigation  demands  and  to  enhance 
the  salmon  runs  below  the  dam.  In  addition,  consideration  was  given  to 
development  of  t/ater  for  export  and  to  flood  control. 

Geology 

Fiddlers  darasite  is  located  in  an  area  of  moderate  relief  ^^dth 
rounded  hills  rising  500  to  600  feet  above  the  floor  of  a  V-shaped  valley. 
Middle  Fork  Cottonwood  Creek  is  actively  do'^m- cutting  and  leaves  terraces 
and  moderately  steep-walled  cliffs  along  both  sides  of  the  stream 
channel. 

The  foiiT  main  phases  of  the  geologic  study  consisted  of  (l) 
geologic  mapping,  (2)  diamond  core  drilling  in  the  dam  foundation,  (3) 
exploration  by  auger  holes,  test  pits,  and  trenches  in  the  possible  borrow 
areas,  end   (4)  laboratory  testing  of  construction  materials.  Four  diamond 
drill  core  holes  were  drilled  along  the  a:cis  of  the  dam.  About  100  power 
auger  holes  were  drilled  in  several  possible  impervious  borrow  areas  and 
15  trenches  were  dug  id.th  a  backhoe  in  three  of  these  areas. 

Damsite  Geology.  The  predominant  rock  types  at  the  damsite  are 
mudstone,  sandstone,  and  conglomerate.  Plate  9,   "Fiddlers  Dam  and  Reservoir 
on  Middle  Fork  Cottonwood  Creek!',  shows  a  profile  of  the  damsite  and  the 
geologic  structure  of  the  foundation. 

No  major  faults  were  found  at  the  damsite.  There  are  some  minor 
faults  and  shears  in  the  mudstone  but  these  would  not  cause  foimdation 
problems.  Many  of  the  shears  are  filled  \i±th   calcite  or  healed  over.  Vfater 
tests  performed  on  both  abutments  indicate  that  moderate  grouting  would  be 
required  to  fill  the  fissures  in  the  abutments  and  linder  the  channel. 

Reservoir  Geology.  The  predominant  rock  type  in  the  reservoir 
is  mudstone  \rith   interbedded  sandstone  and  siltstone.  Leakage  from  the 
reservoir  should  be  slight  because  of  the  impermeable  nature  of  the  rock. 

Landslides,  other  than  small  ones  in  the  v/eathered  topsoil, 
should  not  be  a  problem  in  the  reservoir.  Likeidse  there  should  be  very 
little  reservoir  silting. 

Construction  Materials.  Of  the  several  possible  impervious 
material  borro\7  areas  studied,  borrow  area  1  on  Plate  9,  about  3  miles  from 
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the  damsite,  vould  produce  the  most  suitable  material.  This  area,,  which 
is  part  of  the  Tehama  formation,  contains  more  than  16,000,000  cuoic 
yards. 

The  nearest  large  source  of  pervious  material  consists  of 
dredger  tailings  located  near  the  confluence  of  the  North  and  Middle  Forks 
of  Cottonwood  Creek  about  9  miles  doi^mstreara  from  the  damsite,  shovm  as 
borrow  area  2  on  Plate  9«  These  tailings  were  also  considered  for  the 
Hulen  Dam. 

Two  types  of  rock,  sandstone  and  conglomerate,  were  studied  for 
possible  use  as  riprap.  The  sources  of  both  are  shown  as  borrow  area  3 
on  Plate  9»  Three  areas  containing  conglomerate  material  totaling  more 
than  300,000  cubic  yards  lie  east  and  north  of  the  damsite.  Quarry  sites 
for  sandstone  or  conglomerate  for  riprap  are  available  lathin  2  miles 
of  the  damsite. 

Designs  and  Costs 

A  preliminary  design  and  cost  estimate  was  completed  for  a 
dam  forming  a  reservoir  with  a  storage  capacity  of  170,000  acre- feet. 
The  dam,  with  crest  elevation  at  1,022  feet,  USGS  datum,  would  be  260 
feet  high  and  would  have  a  crest  width  of  40  feet.  It  would  consist  of 
a  homogeneous  earthfill  embankment  ■'.d.th  a  pervious  chimney  drain  and  a 
layer  of  riprap  on  both  faces.  It  would  have  side  slopes  of  3.5  to  1,0 
on  the  upstream  face  and  2.5  to  1.0  on  the  dovmstream  face.  The  total 
embankment  would  contain  about  7,700,000  cubic  yards. 

The  spillway,  which  would  be  constructed  in  a  topographic  saddle 
about  eight-tenths  of  a  mile  northerly  from  the  dam,  \ras   designed  to  pass 
the  probable  maximum  flood  inflow  of  85,000  second-feet  with  a  maximum 
spill^ra.y  discharge  of  73^000  second-feet.  It  would  consist  of  an  vincon- 
trolled  ogee  weir  with  a  crest  length  of  200  feet  and  a  concrete- lined 
chute  about  7OO  feet  long.  The  entire  spill\ra,y  would  be  fotmded  on  mudstone. 

The  outlet  works  would  consist  of  an  intaJKe  structiore,  a  6-foot- 
diaraeter  steel  pipe  inside  of  the  17-foot-diameter  diversion  tunnel,  and 
an  energy  dissipating  and  control  valve. 

The  project  wo\ild  require  acq\iisition  of  about  6,000  acres  of 
land  for  the  reservoir  and  for  recreational  development.  The  estimated 
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cost  of  these  lands,  based  on  recent  conrparable  land  sales  in  the  area, 
would  be  $220,000. 

Total  capital  costs  of  the  dam,  reservoir,  and  appurtenances 
were  estimated  to  be  ^29,^00, 000,  including  engineering,  contingencies, 
and  interest  during  construction.  Capitalized  costs  of  these  features, 
including  present  worth  of  operation,  maintenance,  and  general  expense, 
would  be  $30,100,000.  The  average  annual  equivalent  cost  is  $l,ii00,000. 

Costs  of  facilities  reqioired  to  transport  water  from  Fiddlers 
Reservoir  to  the  irrigation  service  area  would  be  slightly  greater  than 
those  reqirLred  to  deliver  the  water  from  Hiilen  since  an  additional  Si- 
miles of  canal  and  flume  would  be  required  to  bring  the  water  from  Middle 
Fork  Cottonwood  Creek  around  and  over  the  North  Fork  to  the  service  area. 
The  capitalized  cost  of  the  total  delivery  system  woiild  be  about 
$1,350,000.  The  corresponding  average  annual  equivalent  cost  is  $63,000. 

Costs  of  recreation  facilities  necessary  to  fulfill  the  pre- 
dicted recreation  demands  were  estimated  at  ^2,100  per  recreation  unit. 
Operation,  maintenance,  and  replacement  of  "chese  facilities  were  estimated 
at  30  cents  per  visitor  day.  Total  capitalized  costs  of  recreation 
facilities,  including  present  worth  of  operation  and  maintenance,  are 
estimated  to  be  (;J380,000.  The  average  annual  equivalent  cost  -t/ould  be 
^16,000. 

Fishery  enhancement  costs  are  made  up  of  the  cost  of  acquiring 
rights-of-way  and  the  cost  of  plajiting  fingerling  salmon  to  initiate  the 
spa'.ming  run.  The  capital  cost  of  rights-of-way  i-ra.s  estimated  to  be 
$230,000  and  the  cost  of  fingerling  stocking  -.ra,s  estimated  at  ip60,000 
each  year  for  foiur  years  follo\.dng  project  completion.  The  estimated 
total  capitalized  cost  of  fishery  enhancement  is  $^50,000.  The  corres- 
ponding average  annual  equivalent  cost  is  ijj21,000.  It  vra.s  assumed  that 
operation  and  maintenance  of  the  spasming  area  would  be  handled  by  the 
Department  of  Fish  and  Game  at  no  cost  to  the  project. 

The  Fiddlers  Reservoir  area  presently  provides  habitat  for 
deer  and  quail.   If  a  reservoir  v;ere  constructed,  adjacent  areas  would 
have  to  be  improved  to  provide  for  the  loss  of  this  habitat.   Sufficient 
deer  habitat  could  be  provided  by  the  purchase  and  development  of  320 
acres  of  land  west  of  and  adjacent  to  the  reservoir  project  lands  and  the 
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improvement  of  an  additional  440  acres  of  project  lands  near  the  reservoir. 
Installation  of  three  quail  guzzlers  at  strategic  locations  vrauld  mitigate 
the  loss  of  quail  habitato 

The  capitalized  cost  of  land  purchase  and  improvement  for  wild- 
life preservation  is  estimated  to  be  $130,000.  The  average  annual  equiv- 
alent cost  is  $6,000. 

A  suEiniary  of  Fiddlers  Project  costs  is  presented  in  Table  27. 

TABLE  27 

SU1#1ARY  OF  FIDDLERS  PROJECT  COSTS 
(170,000  Acre-Feet  of  Storage) 


Item 

Capital  1  zed 
Costs 

Average  Annual 
Eqiiivalent  Costs 

Dam,  Reservoir,  and  Appurtenances 

$30,100,000 

$1, 

400,000 

Irrigation  Distribution  Facilities 

1,350,000 

63,000 

Recreation  Facilities 

380,000 

18,000 

Rights-of-Way  and  Initial  Stocking 

for  Fishery  Enhancement 

450,000 

21,000 

Wildlife  Preservation 

130,000 

6,000 

Total  Project  Costs 

32,410,000 

1, 

508,000 

Project.  Acconrplishments 

The  Fiddlers  Project  would  accomplish  the  follo-ivdng  project 
purposes:   (l)  local  irrigation,  (2)  fishery  enhancement,  (3)  recreation, 

(4)  flood  control,  and  (5)  conservation  for  export.  The  benefits  that 
could  be  derived  from  this  project  are  presented  in  the  follomng  para- 
graphs . 

Local  irrigation  benefits  having  a  capitalized  value  of 
$4,020,000  would  accrue  to  the  project  as  a  result  of  -irater  supplied  to 
the  Gas  Point  Road  subservice  area.  The  average  annual  equivalent  benefit 
would  be  $187,000. 

Ten  miles  of  Middle  Fork  Cottonwood  Creek  and  the  entire  main 
stem  of  Cottonwood  Creek  (19  miles)  would  be  improved  for  salmon  spa-vm,ing 
by  water  stored  and  released  from  Fiddlers  Reservoir  on  a  fisheries 
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enhancement  schedule.   It  is  estimated  that  the  adult  salmon  populations  in 
the  29  miles  of  stream  below  the  dam  could  be  increased  by  30,000  fish 
annually  under  project  conditions.  The  capitalized  benefit  resulting  from 
these  fish  would  be  about  $6,^50^000.  The  average  annual  equivalent  bene- 
fit vrould  be  $300,000. 

Reservoir-associated  recreation  v/ould  result  from  the  2,100  acres 
of  water  surface  area  and  from  the  land  developed  for  recreation  use  around 
the  reservoir.  It  was  estimated  that  10,000  visitor  days  of  recreation  use 
would  occur  annually  at  the  beginning  of  project  operation  and  that  this 
use  would  increase  to  100,000  visitor  days  axinually  by  the  end  of  the  50- 
year  period  of  analysis.  The  capitalized  benefit  from  this  use  would  be 
$1,270,000.  The  average  annual  equivalent  benefit  would  be  $59,000. 

Water  storage  capacity  at  Fiddlers  Reservoir  would  produce  flood 
protection  along  the  main  stem  of  Cottonwood  Creek  in  the  vicinity  of 
Cottonwood.  Some  measure  of  flood  control  would  also  be  provided  in  areas 
along  the  Sacramento  River  doimstream  from  the  confluence  lath  Cottonwood 
Creek.  Benefits  along  Cottonwood  Creek  were  estimated  at  $20,000  annually. 
Benefits  to  doimstream  areas  were  estimated  to  be  about  $85,000  annually. 
The  total  annual  flood  control  benefit  of  $105,000  V70uld  have  a  capitalized 
value  of  $2,250,000. 

Water  stored  in  Fiddlers  Reservoir  during  periods  of  surplus 
and  released  during  periods  of  need  for  export  to  areas  downstream  from  the 
local  area  would  produce  a  firm  yield  of  about  37,000  acre-feet  per  year 
at  the  Sacramento- San  Joaquin  Delta.  The  capitalized  benefit  from  this 
I'ra.ter  is  $8,600,000.  The  average  annual  equivalent  benefit  would  be 
$i^00,000. 

A  summary  of  the  Fiddlers  Project  benefits  is  presented  in 
Table  28. 
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TABLE  28 

SUMMARY  OF  FIDDLERS  PROJECT  BENEFITS 
(170,000  Acre-Feet  of  Storage) 


Project  Pvirpose 

Capitalized 
Benefits 

Average  Anniial 
Equivalent  Benefits 

Local  Irrigation 

$  4,020,000 

$ 

187,000 

Fishery  Enhancement 

6,450,000 

300,000 

Recreation 

1,270,000 

59,000 

Flood  Control 

2,250,000 

105,000 

Conservation  for  Export 

8,600,000 

400,000 

Total  Project  Benefits 

22,590,000 

1 

,051,000 

Economic  Justification 

The  present  worth  of  project  benefits  throvighout  the  50-year 
period  of  economic  analysis  (1970-2020)  was  estimated  to  be  $22,590,000. 
The  total  capitalized  cost  of  the  project,  including  present  worth  of 
futiire  expenditures  for  additions  and  for  operation  and  maintenaxice,  was 
estimated  to  be  $32,410,000.  The  resulting  comparison  of  benefits  and 
costs  indicate  that  the  Fiddlers  Project  is  not  economically  justified 
under  present  economic  conditions,  having  a  benefit-cost  ratio  of  only 
0.7  to  1.0. 

Rosewood  Project 

Rosewood  Project  in  Tehama  County  would  consist  of  a  dam,  reser- 
voir, and  appurtenances  on  the  Dry  Fork  of  South  Fork  Cottonwood  Creek; 
recreation  facilities  aro\xnd  the  reservoir;  and  23  miles  of  improved  stream 
channel  for  fishery  enhancement. 

Rosewood  damsite  is  located  on  Dry  Fork  about  8  miles  upstream 
from  the  jxmction  \rLth   the  South  Fork  Cottonwood  Creek.  The  drainage  area 
above  the  damsite  contains  about  127  square  miles.  This  area  produces 
much  less  runoff  per  square  mile  than  any  of  the  other  Cottonwood  Creek 
tributaries.  Estimated  average  annual  jrunoff  for  1921-22  through  1940-4l 
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was  only  58,600  acre-feet,  whereas  an  approximately  equal  drainage  area 
above  Dippingvat  damsite  on  South  Fork  Cottonwood  Creek  produced  an 
average  annual  runoff  of  102,200  acre-feet  for  the  same  period. 

VJater  stored  in  a  reservoir  at  this  site  could  be  used  to 
increase  the  total  spaivning  salmon  populations  in  Dry  Fork  and  South 
Fork  belov;  the  confluence  i/ith  Dry  Fork  by  about  9*500  fish  annually,  and 
\rould  increase  the  annual  adult  salmon  catch  by  about  28,500  fish.  The 
reservoir  could  also  provide  a  measure  of  flood  control  along  Cottonwood 
Creek  and  along  the  Sacramento  River.  In  addition,  the  project  would 
provide  an  area  vrhich  could  be  developed  for  water-associated  recreation 
activities  and  it  vrould  increase  the  Delta  export  yield.  It  could  also 
provide  a  \ira.ter  supply  for  agric\altural  use  in  the  local  area. 

The  trater  supply  for  Rosewood  Reservoir  could  be  supplemented 
by  diversion  of  the  flow  of  Cold  Fork  into  Dry  Fork.  This  could  be  accom- 
plished by  a  diversion  dam  on  Cold  Fork  in  Section  17,  Township  27N,  Range 
7Vj,  MDB&M,  and  a  canal  leading  from  the  reservoir  along  Weemasoul  Road 
into  Weemasoul  Creek,  a  stream  tributary  to  Rosewood  Reservoir.  The 
estimated  average  annual  streamflow  of  Cold  Fork  for  1921-22  through  19^0- 
kl   is  29,900  acre-feet. 

A  preliminary  cost  estimate  of  the  diversion  structure  required 
on  Cold  Fork  indicates  that  the  capital  cost  would  be  about  $550,000.  The 
average  annual  equivalent  cost  would  be  about  $26,000. 

A  preliminary  analysis  \vas  made  of  the  Rosewood  Project  including 
the  Cold  Fork  Diversion.  This  analysis  showed  that  the  addition  of  this 
diversion  wovild  produce  benefits  which  were  slightly  less  than  the  addi- 
tional costs.  Consequently,  no  further  study  T.^tas   made  of  the  Cold  Fork 
Diversion.  However,  future  studies  of  a  Roseirood  Project  should  include 
the  possible  addition  of  a  diversion  from  Cold  Fork. 

Local  agricultvural  requirements  for  the  Evergreen  Road  subservice 
area  shown  on  Plate  3  could  be  supplied  with  water  conserved  in  a  reservoir 
at  the  Rosewood  site  and  conveyed  to  the  service  area  in  a  system  of  canals 
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and  fluraes  at  about  elevation  700  feet,  USGS  datura.  However,  the  terrain 
traversed  by  the  conveyance  facility  is  very  rough,  ajid  preliniinary 
estimates  indicated  that  the  cost  of  providing  w-ater  froa  this  source 
would  be  greater  than  the  cost  of  ground  water.  Therefore,  local  irri- 
gation was  not  considered  as  a  project  purpose  in  the  final  project 
analysis . 

Reservoir  Sizing 

Project  costs  and  benefits  were  esti.nated  for  a  range  of  reser- 
voir sizes.  These  sizes  varied  from  a  snail  reservoir  capable  of  supply- 
ing only  local  water  demands,  to  a  large  reservoir  limited  only  by  '..'ater 
supply  and  including  all  possible  project  purposes,   v.'nen  comparable  costs 
and  benefits  were  studied  to  deterrnine  the  size  that  would  yield  inaximum 
net  benefits,  it  was  revealed  that  project  costs  \,"ere  in  excess  of  benefits 
for  all  reservoir  sizes.  There  is  little  variejice  in  the  benefit-cost 
ratio  for  any  reservoir  size.  A  project  which  includes  a  reservoir  of 
155^000  acre- foot  capacity  is  presented  herein  for  illustrative  purposes 
only. 

Project  Operation 

Project  water  yields  were  determined  by  operation  studies  conrpleted 
under  operation  criteria  set  forth  at  the  beginning  of  this  che,pter.  The 
reservoir  was  operated  to  provide  for  rdaximum  salmon  enhancement  after  it 
was  determined  that  the  local  irrigation  demand  could  be  raore  economically 
served  from  ground  water.  In  addition,  consideration  \ras  giveia  to 
development  of  water  for  export  and  to  flood  control. 

Geology 

The  area  around  Rosevraod  damsite  and  reservoir  has  moderate  to 
low  relief  with  gently  rolling  liills  rising  200  to  UOO  feet  above  the  broad, 

flat  creek  beds.  The  streams  are  actively  dov.Ti- cutting,  leaving  terraces 
and  steep-A-.-alled  cliffs  along  both  sides  of  the  streajn  channels. 

Damsite.   Foundation  material  at  the  proposed  darosite  consists 
of  semiconsolidatedbeds  of  silty  sand,  sandy  silt,  and  clay,  v.-ith  interbedded 
lenses  of  fine  gravel  and  sand,  all  of  the  Teharaa  formation  of  Pliocene  age. 
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Unconsolidated  sediments  consisting  of  sajid  and  gravel  occur  in  the  channel 
section  and  similar  material  occurs  as  terraces  above  the  channel. 

Eighty-seven  shallow  power  aviger  holes  were  drilled  across  the 
valley  along  and  near  the  aicis  of  the  proposed  dam  to  determine  depth  of 
overburden  and  physical  characteristics  of  the  Tehama  formation  and  the 
terrace  sediments.  Three  core  holes  were  drilled  in  the  channel  section 
to  check  the  semiconsolidated  Tehama  formation.  Other  field  and  laboratory 
tests  'ifere  completed  to  aid  in  determining  the  porosity  and  density  of  the 
foundation  materials. 

The  right  abutment  is  part  of  the  Tehama  formation  and  consists 
of  sandy  silt  and  clay  vath  some  lenses  of  clayey  gravel.  The  gravel  lenses 
are  believed  to  be  discontinuous  and  should  not  present  a  seepage  problem. 
Ho  faults,  shears,  or  landslides  were  observed. 

Stream  alluvium  composed  of  sand  and  gravel  layers,  having  a 
thickness  of  from  0  to  20  feet  and  an  average  thiclaiess  of  about  10  feet, 
overlies  the  Tehama  formation  in  the  entire  stream  channel.  There  is  no 
evidence  of  faults  or  shears  in  the  channel  section. 

The  left  abutment  rises  sharply  from  the  stream  channel  for  a 
vertical  distance  of  about  60  feet  and  then  slopes  gradually  to  the  top  of 
the  abutment  about  200  feet  above  streambed.  The  foundation  material  con- 
sists of  sandy  silts  and  clays  similar  to  the  right  abutment.  One  steep 
ravine  which  would  be  partially  covered  by  the  upstream  portion  of  the  dam 
embankment,  could  be  a  troublesome  landslide  area  if  a  dam  is  constructed. 
This  particular  area  would  require  further  study  before  a  final  design 
could  be  selected.  There  is  no  evidence  of  faults  in  this  abutment. 

Reservoir.  The  rock  groups  which  lie  \d.thin  the  reservoir  area 
are  mudstone,  shale,  and  conglomerate  of  the  Chico  formation  and  the 
semiconsolidated  sediments  of  the  Tehama  formation.  Generally,  there 
should  be  little  seepage  from  the  reservoir  through  these  rock  types. 
Also  silting  of  the  reservoir  should  be  negligible. 

Construction  Materials.  Thirty-seven  power  auger  holes  were 
drilled  in  areas  possibly  sirLtable  for  iiiipervioiis  and  pervious  borrow. 
Laboratory  tests  were  conrpleted  on  several  samples  taken  from  these  test 
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holes.  Details  regarding  the  extent  of  exploration  and  testing  is  avail- 
able in  the  Department's  impublished  office  geology  report. 

Over  6,000,000  cubic  yards  of  suitable  impervious  material  are 
available  'iNd.thin  1  mile  of  the  proposed  darasite.  The  borrow  area  is  located 
upstream  from  the  damsite  and  is  designated  Area  1  on  Plate  10,  "Rosewood 
Dam  end  Reservoir  on  Dry  Creek" . 

Stream  gravels  in  South  Fork  Cottonwood  Creek,  3^   nu.les  south- 
east of  the  damsite,  provide  the  nearest  so\irce  of  pervious  material. 
This  borrow  area,  shown  as  Area  2  on  Plate  10,  could  provide  more  than 
1,000,000  cubic  yards  of  suitable  material. 

Sufficient  quantities  of  material  suitable  for  riprap  may  be 
obtained  from  the  lower  Cretaceous  sandstone  exposed  in  the  hills  approxi- 
mately 10  miles  upstream  from  the  darasite.  This  area  is  sho-ivn  as  Area  3 
on  Plate  10. 

Designs  and  Costs 

A  preliminary  design  and  cost  estimate  \sfas  completed  for  a  dam 
providing  a  reservoir  ■'.dth  a  storage  capacity  of  about  155^000  acre-feet, 
and  a  water  surface  area  of  about  2,500  acres.  The  dam  would  consist  of  a 
homogeneous  earthfill  dam,  l60  feet  high,  with  a  crest  id.dth  of  30  feet, 
crest  elevation  of  785  feet,  USGS  datum,  and  side  slopes  of  3 ♦5  "to  1  on 
the  lower  portion  and  3*0  to  1  on  the  upper  portion  of  the  upstream  face 
and  2.5  to  1.0  on  the  downstream  face.  The  embankment  would  contain  about 
5,700,000  cubic  yards  of  fill. 

The  spill-ira.y,  which  would  be  constructed  in  a  topographic  saddle 
on  the  right  abutment  of  the  damsite,  was  designed  to  pass  the  probable 
maximum  flood  inflow  of  37^500  second- feet  with  a  spillway  discharge  of 
about  20,000  second-feet.  It  would  consist  of  a  concrete-lined  approach 
channel,  a  concrete  ogee  weir,  and  a  concrete- lined  chute  about  7OO  feet 
long.  Surcharge  over  the  spillway  crest  would  be  about  15  feet  under 
probable  maximum  flood  conditions. 

The  outlet  works  would  consist  of  an  intake  tower  and  a  i+6-inch 
steel  pipe  inside  of  an  8- foot- diameter  cut-and-cover  conduit  located  on 
the  right  abutment  of  the  dam.  The  cut-and-cover  conduit  would  be  used 
for  diversion  of  the  streamflow  dxiring  construction  of  the  dam. 
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The  project  would  req.uire  acqiiisition  of  about  3,000  acres  of 
land  for  the  reservoir  and  for  recreational  development.  The  estimated 
cost  of  these  lands,  based  on  comparable  land  sales  in  the  area,  is 
$300,000.  It  was  assumed  that  the  reservoir  area  below  normal  pool  ele- 
vation would  be  partially  cleared  and  would  cost  about  $100  per  acre. 
Approximately  9  miles  of  State  Highway  36  would  have  to  be  relocated. 
A  route  around  the  northern  edge  of  the  reservoir  was  selected.  The  cost 
of  highway  construction  was  estimated  at  $200,000  per  mile. 

Total  capital  cost  of  the  dam,  reservoir,  and  appurtenances  was 
estimated  to  be  $18,200,000,  including  engineering,  contingencies,  and 
interest  during  construction.  Capitalized  costs  of  these  featirres, 
including  present  v/orth  of  operation,  maintenajice,  and  general  expense, 
V70uld  be  about  $18,700,000.  The  average  annual  equivalent  cost  is  $871,000. 

Costs  of  recreation  facilities  necessary  to  fulfill  the  predicted 
recreation  demands  were  estimated  at  $2,100  for  each  picnic  unit  and 
$3,000  for  each  camping  unit.  Costs  of  attendant  recreation  facilities  such 
as  boat  launching  ramps  and  swimming  beaches  were  estimated  separately. 
Operation,  maintenance,  and  replacement  of  these  facilities  was  estimated 
at  30?^  per  visitor-day.  Total  capitalized  costs  of  recreation  facilities 
including  present  v/orth  of  operation  and  maintenance,  were  estimated  to 
be  about  $2,000,000.  The  average  annual  equivalent  cost  would  be  about 
$93,000. 

Fishery  enhancement  costs  are  made  up  of  the  cost  of  acquiring 
rights-of-v/ay  and  the  cost  of  initial  stocking  vdth  fingerling  salmon  to 
begin  the  spa^vTiing  run.  The  capital  cost  of  right-of-way  was  estimated 
to  be  $206,000  end   the  cost  of  fingerling  stocking  was  estimated  at 
$20,000  each  year  for  four  years  follo\>dng  project  completion.  The  estimated 
total  capitalized  cost  of  fishery  enhancement  is  $280,000.  The  corresponding 
average  annual  equivalent  cost  is  $13,000.  It  was  assumed  that  operation 
and  maintenance  of  the  spasming  area  would  be  handled  by  the  Department  of 
Fish  and  Game  at  no  cost  to  the  project. 

The  area  that  would  be  inundated  by  Rosewood  reservoir  presently 
provides  habitat  for  some  deer  and  many  quail.  If  a  reservoir  were  con- 
structed, adjacent  areas  would  have  to  be  improved  to  provide  for  the  loss 
of  this  habitat.  Sufficient  land  for  deer  habitat  could  be  provided  by 
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development  of  about  8^4-0  acres  of  land  above  the  reservoir.  Quail  habitat 
could  be  provided  by  purchase  and  development  of  80  acres  of  land  down- 
stream from  the  damsite. 

The  capitalized  cost  of  land  acquisition  and  improvements  for 
wildlife  preservation  is  estimated  to  be  $150,000.  The  average  annual 
equivalent  cost  is  $7,000. 

Table  29  presents  a  summary  of  Rosewood  Project  costs, 

TABLE  29 

SW1MAEY  OF  ROSEWOOD  PROJECT  COSTS 
(155,000  Acre-feet  of  Storage) 


Capitalized 
Cost 

Average  Annual 
Equivalent  Costs 

Dam,  Reservoir,  and  Appurtenances 

$18,700,000 

$871,000 

Recreation  Facilities 

2,000,000 

93,000 

Rights-of-Way  and  Initial  Stock- 
ing for  Fishery  Enhancement 

280,000 

13,000 

Wildlife  Preservation 

150,000 

7,000 

Total  Project  Costs 

21,130,000 

984,000 

Project  Accomplishments 

The  Rosewood  Project  would  accomplish  the  following  project  pur- 
poses:  (1)  fishery  enhancement,  (2)  recreation,  (3)  flood  control,  and 
(4)  conservation  for  export. 

About  7  miles  of  the  Dry  Fork  of  South  Fork  Cottonwood  Creek 
below  the  Rosewood  damsite,  8  miles  of  South  Fork  Cottonwood  Creek,  and 
about  8  miles  of  the  main  stem  of  Cottonwood  Creek  would  be  improved  for 
salmon  spawning  by  water  stored  and  released  from  Rosewood  Reservoir.  It 
is  estimated  that  the  spawning  run  in  this  23  miles  of  stream  could  be 
increased  by  9,500  fish  under  project  conditions.  This  would  provide 
about  22,400  commercially  caught  and  6,100  sport-caught  salmon  annually. 
The  capitalized  benefit  of  these  fish  would  be  about  ^2,390,000  for  the 
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50- year  period  of  analysis.  The  average  annual  equivalent  benefit  would 
be  45111,000. 

Reservoir  recreation  would  result  from  the  2,500  acres  of  reser- 
voir water  surface  and  from  the  land  developed  for  camping  and  picnicking 
around  the  reservoir.  The  Rosewood  Reservoir  site  has  the  best  potential 
for  recreation  development  of  any  reservoir  in  the  Cottonwood  Creek 
drainage  basin.   It  was  estimated  that  100,000  visitor-days  of  recreation 
use  would  occur  ajmually  at  the  beginning  of  project  operation  and  that 
this  would  increase  to  about  600,000  visitor-days  annually  by  the  end  of 
the  50-year  period  of  pjnalysis.  The  present  worth  value  of  this  benefit 
vrauld  be  ^6,100,000  and  the  average  annual  equivalent  benefit  './ould  be 
;;258,ooo. 

Reservoir  storage  at  Rosewood  Reservoir  would  provide  some  flood 
pi-otection  along  the  main  stem  of  Cottonwood  Creek  in  the  vicinity  of  Cotton- 
wood.  Some  measure  of  flood  control  would  also  be  provided  in  areas  along 
the  Sacramento  River  do'v/nstream  from  the  confluence  with  Cottonwood  Creek. 
Benefits  in  do^-mstream  areas  would  be  about  ^75^000  annually.  J^or  the 
purpose  of  this  study  it  was  asswaed  that  Rosewood  Reservoir  \rould  prevent 
damages  equal  to  those  prevented  by  the  other  reservoirs  in  Cotton v.'ood 
Creek  basin.  An  annual  benefit  for  the  local  area  of  ^20,000  \ia.s   used. 
The  estimated  flood  control  benefit  would  therefore  be  ^^95^000  annually. 
The  capitalized  benefit  would  be  ^^2,040, 000. 

v;ater  could  be  stored  in  Rosevraod  Reservoir  during  periods  of 
surplus  and  released  during  periods  of  need  for  export  to  areas  downstream 
from  the  local  area.  The  firm  ;;,/leld  of  the  Sacramento- Seji  Joaquin  Delta 
would  be  increased  by  about  23,000  acre- feet  per  year  by  the  Rosewood 
Project.  The  estimated  annual  benefit  of  this  yield  is  ^250, 000.  The 
present  worth  value  of  this  benefit  is  ^5^370, 000. 

A  s-uraniary  of  the  Rosewood  Project  benefits  is  presented  in 
Table  30. 
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TABLE  30 

SUl.Fi.«Y  OF  ROSKivOOD  PROJECT  BEIvEFITS 
(155,000  Acre-Feet  of  Storage) 


Average  Annual 
Equivalent  Benefits 


Project  Pui-poses 


Capitalized 
Benefits 


Fishery  Enlianc ement 
Recreation 
Flood  Control 
Conservation  for  Export 
Total  Project  Benefits 


;p  2,390,000 

6,100,000 

2,040,000 

5.370.000 

16,900,000 


^111,000 

285,000 

95,000 

250,000 

741,000 


Economic  Justification 

The  present  worth  of  project  benefits  throiaghout  the  50-yeai' 
period  of  economic  analysis  (1970-2020)  was  estimated  to  be  ^16,900,000. 
The  total  capitalized  cost  of  the  project,  including  present  woi-th  of 
future  expenditures  for  additions  and  for  operation  and  maintenance,  was 
estimated  to  be  $21,130,000.  The  resulting  comparison  of  benefits  and 
costs  shows  that  the  benefit-cost  ratio  is  0.8  to  1.0  eind  that  the  project 
is  therefore  not  economically  justified  under  present  economic  conditions. 

Best  Development  for  Cottonwood  Creek  Basin 
Only  two  of  the  four  projects  considered  in  the  Cottonwood  Creek 
basin  were  found  to  be  economically  justified.  These  two  projects,  Hulen 
on  the  North  Fork  and  Dippingvat  on  the  South  Fork  would,  however,  satisfy  the 
local  agricultural  water  reqiiireraent,  provide  a  tremendous  fishery  enhance- 
ment in  the  main  stem  and  South  Fork  of  Cottonwood  Creek,  develop  ■'.-.'ater- 
associated  recreation,  provide  some  flood  protection  in  both  local  and 
remote  areas,  and  provide  a  substantial  new  yield  to  the  Sacramento-San 
Joaquin  Delta. 

The  costs  of  constructing  both  projects  at  once  would  be  essen- 
tially the  same  as  the  costs  of  constructing  them  as  separate  projects. 
Undoubtedly  some  savings  in  administration  and  operation  would  result  from 
constructing  the  projects  as  a  unit  but  this  small  savings  was  not 
estimated  in  this  study. 


•140- 


Benefits  from  the  combined  projects  vould  also  be  essentially 
the  same  as  the  total  of  the  tvo  separate  projects.  However,  there  vould 
be  a  slight  overlap  of  the  stream  channel  improved  for  salnon  spo/vvning  in 
the  8  miles  of  Cottonwood  Creek  belov;  the  confluence  vdth  the  South  Fork. 
There  also  might  be  some  reduction  in  the  estimated  recreation  benefits' 
if  both  projects  are  constructed.  It  is  felt,  however,  that  at  this  stage 
of  study  the  change  in  benefits  is  not  within  the  limits  of  accuracy  for 
estimating  benefits  and  that  the  summation  of  the  benefits  of  the  two 
projects  wovild  be  sufficient  for  benefit-cost  comparison. 

The  total  cost  of  the  combined  project  would  be  $l8,660,000 
when  all  project  costs  are  reduced  to  a  present  worth  basis.  On  the  same 
time  basis  the  total  combined  project  benefits  are  $40,570,000.  Equivalent 
average  annual  costs  and  benefits  are  $869,000  and  $1,887,000  respectively. 
The  benefit-cost  ratio  for  the  combined  project  is  2.2  to  1.0. 

For  best  development  of  the  Cottonwood  Creek  Basin  both  Hulen 
and  Dippingvat  Projects  should  be  constructed.  At  some  later  date,  it 
may  be  possible  that  additional  water  storage  facilities  could  economically 
be  developed  at  the  Fiddlers  and  Rosewood  darasites.  Periodic  re-analysis 
of  these  sites  should  be  made  to  evaluate  this  possibility. 

Flajis  for  Development  of  Cow  and  Bear  Creek  Basins 
The  Co\T   and  Bear  Creek  Basins  contain  about  551  square  miles  of 
the  Upper  Sacramento  River  Basin  drainage  area.  Cow  Creek,  \-rLth.   a  drainage 
area  of  ^4-27  square  miles,  is  bounded  on  the  north  by  the  Pit  River  Basin 
and  on  the  south  by  Bear  Creek.  Principal  streams  include  Little  Cov/, 
South  Cow,  and  Cow  Creeks.  Tributary  streams  include  Oak  Run,  Clover,  Basin 
Hollow,  and  Old  Cow  Creeks.  Cow  Creek  enters  the  Sacramento  River  about 
21  miles  beloA^r  Shasta  Dam. 

Bear  Creek,  with  a  drainage  area  of  124  square  miles,  is  bounded 
by  Cow  Creek  on  the  north  and  Battle  Creek  on  the  south,  and  joins  the 
Sacramento  River  about  23  miles  belov/  Shasta  Dam. 

At  higher  elevations  both  basins  consist  of  high  ridges  and 
steep  valleys  which  broaden  as  they  emerge  from  the  foothills  at  the 
Sacramento  River  valley  floor.  Heavy  stands  of  conifers  exist  at  the  higher 
elevations,  but  tree  cover  at  lower  elevations  consists  mainly  of  oak  and 
other  deciduous  groirth. 
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The  follo-icLng  projects  were  considered  in  the  preliminary  plans 
for  development  of  Cow  and  Bear  Creeks. 

1.  Millville  Project,  consisting  of  a  major  storage 
reservoir  on  South  Cow  Creek,  about  2  miles  above  the  confluence 
with  Old  Cow  Creek,  a  diversion  from  Old  Cow  Creek  about  1  mile 
northerly  from  Millville  damsite  in  Section  9,  T311J,  R2W,  MDB&I>I, 
and  a  possible  diversion  from  Bear  Creek  about  h   miles  southeast 
of  Millville  damsite  in  Section  25,  T31N,  R2W,  MDBm. 

2.  Bella  Vista  Project  consisting  of  a  large  storage  reser- 
voir on  Little  Cow  Creek,  about  l-l/2  miles  south  of  the  tovm 

of  Bella  Vista,  a  possible  diversion  from  Oak  Run  Creek,  in  Section 
25,  T33N,  R2V;,  MDB&M,  about  11  miles  northeast  of  Bella  Vista 
damsite,  and  a  possible  diversion  from  Clover  Creek,  in  Section  29, 
T33N,  RIW,  MDB&l'!,  about  2  miles  east  of  the  diversion  from  Oak 
Run  Creek. 

i'lillville  Project 

The  Millville  Project  consists  of  a  dam  and  reservoir  on  South 
Cow  Creek,  and  reservoir  recreation,  fishery  enhancement,  and  ./ildlife 
preservation  facilities.  The  damsite  is  in  Shasta  Coixnty  in  Section  17, 
To-vTnship  21  North,  Range  2  West,  MDBScM.  This  is  about  2  miles  upstream 
from  the  confluence  i-.dth  Old  Cow  Creek  and  about  19  miles  east  of  Redding, 

The  drainage  area  of  South  Cow  Creek  tributary  to  Millville 
Resei-voir  contains 79  square  miles.  The  estima^ted  average  annua-l  runoff 
at  the  damsite  for  1921-22  through  1940-i)-l  is  71,900  acre- feet. 

Project  -Analysis 

The  follot/dng  project  purposes  were  considered  in  planning  for 
the  Millville  Project:  local  irrigation  water  supply,  fishery  enhancement, 
recreation,  flood  control,  and  conseivation  for  export. 

Prelimlna-ry  studies  showed  that  loca.1  flood  protection  at  Millville 
Reservoir  would  be  very  lainor  due  to  the  limited  amount  of  flood  damages 
that  occur  along  South  Cow  and  Covr  Creeks.  The  only  hisborical  flood  damage 
data  available  on  Cow  Creek  is  a  damage  estimate  made  by  the  U.  S.  Corps  of 
Engineers  follov/ing  the  I955  flood.  An  estimate  of  the  average  annual  flood 
damage  eiq)ected  v/ithout  flood  protection  was  iimde  using  this  damage  da.ta. 
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flood  frequency  studies,  and  the  estimated  nondamaging  channel  capacity  of 
Cow  Creek  near  Millville.  The  estimate  sho\7s  that  the  eiq)ected  average 
annual  damages  are  only  $1^4-, 000.  These  da,mages  could  he  only  partially 
prevented  hy  Millville  Reservoir.  Therefore  only  incidental  local  flood 
control  benefits  vould  be  provided  by  the  surcharge  reservoir  storage. 

The  Cow  Creek  service  area  v/as  subdivided  into  three  subservice 
areas,  Still\7ater  Plains,  Cow  Creek  Bottoms,  and  ^lillville  Plains.  These 
areas  are  shown  on  Plate  k.     The  areas  which  generally  comprise  the 
Still^^ra,ter  Plains  and  Cow  Creek  Bottoms  subservice  areas  were  considered 
by  the  U.  S.  Bureau  of  Reclamation  to  be  served  by  punrping  from  the 
Sacramento  River.  However,  it  \ra.s   found  that  these  areas  could  not  be 
economically  served  from  that  source. 

Studies  show  that  the  ground  -i/ater  basin  which  \mderlies  the 
Cow  Creek  service  area  is  capable  of  supplying  the  estimated  ma:d.mum  annual 
demand  of  1+6,000  acre-feet  at  an  average  cost  of  about  $6  per  acre-foot. 

A  preliminary  estimate  of  the  cost  of  storing  and  distributing 
water  to  the  Stillirater  Plains  subservice  area  would  be  about  olO  per 
acre-foot.  This  cost  includes  storage  at  Millville  Reservoir  and  pumping 
from  Cow  Creek  to  the  service  area.  Since  ground  water  could  be  supplied 
for  only  $6  it  was  concluded  that  there  would  be  no  demand  for  surface 
■S'/ater  supplies  in  this  area. 

The  Cow  Creek  Bottoms  subservice  area  is  rapidly  developing  into 
a  suburban  residential  area.  Much  of  the  present  water  supply  for  both 
agriciiltural  and  domestic  uses  is  being  pumped  from  ground  water.  It  iiras 
concluded  that  there  ^rould  be  no  demand  for  sia-face  water  supplies  in 
this  area  since  ground  v;ater  could  be  developed  more  economically.  The 
potential  for  ground  water  development  in  the  Cow  Creek  service  area  is 
discussed  in  Chapter  5« 

Further  studies  showed  that  fishery  enhancement,  recreation, 
flood  control  in  remote  areas  along  the  Sacramento  River,  and  conservation 
for  export  co\ild  be  included  as  project  purposes. 

Early  plans  for  the  Millville  Project  include  the  diversion  of 
the  flow  of  either  or  both  Old  Cow  and  Bear  Creeks  into  Millville  Reservoir. 

The  best  plan  for  diverting  Old  Cow  Creek  would  consist  of  a 
l45-foot-high  Old  Cow  Creek  Diversion  Dam  capable  of  diverting  the  entire 
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surplus  flow  of  Old  Cow  Creek  into  a  canal  leading  to  Killville  Reservoir. 
The  cost  of  the  dam  rnd  canal  vra.s  estimated  to  be  about  $6,000,000.  The 
estimated  maoinvim-iaipaired  average  annual  streamflow  of  Old  Cow  Creek  at 
the  diversion  point  is  about  57*000  acre-feet.  The  Millville  Project  was 
analyzed  iisiag  the  additional  costs  and  benefits  added  by  this  diversion 
and  it  ^rs.s   found  that  costs  were  greatly  in  excess  of  benefits.  Therefore, 
the  Old  Cow  Creek  Diversion  v/as  not  included  in  further  analysis  of  the 
Mllville  Project. 

The  most  economical  means  of  diverting  flows  of  Bear  Creek  would 
be  to  construct  a  l^^-O- foot-high  Bear  Creek  Diversion  Dam  to  divert  the 
flow  of  Bear  Creek  into  a  canal  leading  to  i-Iillville  Reservoir.  The  cost 
of  the  dam,  its  appurtenant  structures  and  the  canal  \j3.s   estimated  to  be 
about  $2,650,000.  The  estimated  maximum-inipaired  average  ajoniial  runoff 
is  53,000  acre-feet.  The  I'lillville  Project  was  fjialyzed  using  the  addi- 
tional costs  and  benefits  added  by  the  diversion.  This  analysis  showed 
that  the  diversion  costs  greatly  exceeded  the  additional  project  benefits. 
Therefore,  the  Bear  Creek  Diversion  was  not  included  as  a  feature  of  the 
i-iillvillc  Project. 

Reser\''oir  oizing.  Project  costs  and  benefits  were  compared  for 
several  sizes  of  I^Iillville  Reservoir.  These  sizes  varied  from  a  small  reser- 
voir which  would  supply  only  local  needs  to  larger  sizes  required  for 
multiple-pixrpose  use.  Various  combinations  of  project  piirposes  were  studied 
in  conjunction  with  the  various  sizes  to  determine  the  reservoir  size  vAiich 
would  provide  maximum  net  project  benefits.  Final  sizing  and  project 
planning  studies  indicated  that  a  nviltiple-piirpose  I'lillville  Reservoir  i.ith 
storage  capacity  of  7^^,000  acre-feet  at  normal  pool  elevation  of  729  i"eet 
would  provide  ma:cimvua  net  project  benefits.  This  project  is  discussed  in 
the  following  sections. 

General  Features.  The  Millville  Project  as  proposed  would  consist 
of  the  follo-v/ing  project  features:   (l)  dam  and  appurtenant  strrictures, 
(2)  reservoir,  (3)  stream  improvement  for  salmon  spa-^-oiing,  and  (4)  recreation 
facilities.  General  project  features  are  sho\m   in  Figure  7. 
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FIGURE  7 
MTT.T.VTT.T.F  PROJECT 


General  Project  Featiires 
(All  elevations  are  USGS  datum) 


Dam 


Location NE-^,  Sec,  17,  T31W,  R2W,  MDB&M 

Type  Zoned  Earthf ill 

Height  Above  Streajnbed,  in  Feet IU9 

Crest  Elevation,  in  Feet 7h9 

Volume  of  Fill,  in  Cubic  Yards  1,810,000 

Reservoir 

Drainage  Area,  in  Square  Miles  79 

Water  Surface  Elevation  at  Normal  Pool,  in  Feet 729 

Storage  Capacity,  in  Acre-Feet 7'+>000 

Water  Surface  Area,  in  Acres 1,^4-00 

Spillway 

Type Chute  with  ungated  ogee  weir 

Weir  Crest  Elevation,  in  Feet 729 

Design  Capacity,  in  Second-Feet  20,000 

Outlet  Works 

Type  60-foot  steel  pipe  encased  in  concrete 

Project  Accomplishments 

Local  Irrigation  Yield,  in  Acre-Feet  Per  Year 0 

Salmon  Enhancement,  in  Numbers  of  Increased  Annual  Catch  29,000 

Yield  to  Sacramento-San  Joaquin  Delta,  in  Acre-Feet  Per  Year  .  .  .  21,000 
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Project  Operation.  Project  \ra,ter  yields  were  determined  "by  oper- 
ation studies  completed  imder  operation  criteria  set  forth  at  the  beginning 
of  this  chapter.  The  reservoir  was  operated  to  provide  the  maximum  salmon 
enhancement  and  to  develop  ^^ra,ter  for  export  from  the  Delta.  A  summary  of  the 
monthly  operation  study  is  presented  in  Table  31 • 

Geology 

The  topography  along  South  Cow  Creek  in  the  vicinity  of  the  darii 
cjid  reservoir  site  varies  from  steep  and  overhanging  to  areas  that  are 
nearly  flat.  Rock  o.t  the  damsite  consists  of  three  major  geologic  units. 
A  basalt  cap,  formed  by  volcanic  flows,  overlies  most  of  the  area;  under- 
lying the  basalt  are  various  sedimentary  ajid  volcanic  strata,  the  oldest 
of  which  is  a  welded  tuff;  consolidated  sandstone,  shale,  and  conglomerate 
of  the  Chieo  formation  crops  out  or  underlies  the  site  at  low  elevations. 
Plate  11,  "Millville  Dam  ajid  Pvesei'voir  on  South  Cow  Creek"  shows  geologic 
conditions  at  the  site. 

The  Bureau  of  Reclamation  has  done  some  exploration  at  a  damsite 
about  one-quarter  mile  dO'./nstream  from  the  site  being  considered  in  this 
study.  Their  work  consisted  of  drilling  and  \ia.ter   testing  five  core  holes, 
geologic  mapping  of  the  site,  and  a,  limited  materials  exploration  progi-am. 
Foundation  exploration  diuring  the  current  investigation  vas  liriiited  to 
drilling  nine  auger  holes  to  determine  the  depth  of  weathering  of  the  sand- 
stone and  shale  and  to  delineate  the  limits  of  the  Tertiary  sediments. 

The  lower  portion  of  the  right  abutment  is  composed  of  sandstone, 
shale,  and  conglomerate  of  the  Chico  formation.   Consolidated  gravels,  a 
tuff  breccia  layer,  and  partially  consolidated  post-Tuscan  gravels  compose 
the  upper  portion.  There  is  evidence  of  a  landslide  on  this  abutment 
between  elevation  67O  end.  J^O.     The  depth  appears  to  be  shallow,  possibly 
10  to  20  feet,  and  should  not  cause  a  structural  problem  in  the  deia 
foundation. 

The  chaJinel  section  is  generally  composed  of  layers  of  stream 
gravels  laid  do^m  over  the  Cretaceous  rocks.  In  many  places  the  rocks 
are  washed  clean  but  in  other  places  the  gravel  layers  are  up  to  10  feet 
thick. 
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TABLE  31 

SUMMARY  OF  MONTHLY  OPERATION 

STUDIES  OF  MHIiVILLE  RESERVOIR 

75,000  Ac re -Feet  of  Storage 

(In  acre-feet) 


Runoff 

Storage  on                 ^  / 

Water  Releases 

and  Losses 

1 

Fishery 

Year 

October  1 

Inflow^/ 

Enhancement 

Evaporation 

Spill 

Total 

1921-22 

9,800 

70,900 

U3,000 

2,900 

0 

36,100 

22-23 

3^^,800 

51,900 

1^3,000 
21,500±/ 

3,1+00 

0 

1+6,1+00 

23-2U 

^0,300 

ll,i^OO 

2,800 

0 

2l+,300 

2iv-25 

27AOO 

i^0,000 

^3,000 

2,500 

0 

1+5,500 

1925-26 

21,900 

36,700 

i^3,000 

2,200 

0 

li-5,200 

26-27 

13,i^00 

83,100 

i^3,000 

3,700 

0 

1+6,700 

27-28 

^9,800 

68,700 

i^3,000 

1+,100 

9,600 

56,700 

28-29 

61,800 

15,900 

'+3,000 

3,200 

0 

1+6,200 

29-30 

31,500 

70,100 

1+3,000 

3,900 

0 

1+6,900 

1930-31 

5^^,700 

12,300 

21,50q2/ 

3,300 

0 

2l+,800 

31-32 

U2,200 

39,700 

U3,000 
21,50Q±/ 

3,200 

0 

lt6,200 

32-33 

35,700 

16,000 

2,800 

0 

1+5,1+00 

33- 3^^ 

27AOO 

35,200 

i+3,000 

2,1+00 

0 

1+5,1+00 

3i+-35 

17,200 

57,500 

1+3,000 

2,700 

0 

1+5,700 

1935-36 

29,000 

61,100 

1+3,000 

3,1+00 

0 

1+6,1+00 

36-37 

1^3,700 

33,900 

1+3,000 

3,100 

0 

1+6,100 

37-38 

31,500 

190,800 

1+3,000 

1+,100 

108,1+00 

155,500 

38-39 

66,800 

19,800 

1+3,000 

3,500 

0 

1+6,500 

39-^0 

i+0,100 

119,500 

1+3,000 

1+,100 

50,600 

97,700 

194o-i4-l 

61,900 

lUl+,000 

1+3,000 

l+,200 

9l+,800 

11+2,000 

Average 

37,000 

58,900 

3,300 

1/  Estimated  historical  flow  adjusted  to  allow  for  estimated  ultimate 

development   of  the  watershed  above  Millville  Reservoir. 

2/   Defic 

iency  of  5O  percent   in 

releases  in 

1921+ ,  1931, 

and  1933. 

NOTE:     Storage  at  normal  pool  is  7i4-,000  acre-feet,  at  minimum  pool 

.  l+,000 

acre-feet. 

Storage  on  October  1  plus  inflow  minus  water  releases 

ajnd  losses  equals  storage  on  following  October  1 

Minimum 

storage 

for  this  operation  study  -i-ras  6,200  acre-feet  on 

January  1, 

1935. 

Release  for 

fishery  crJir 

jicement  during  Kay,   June^ 

,   July,   end 

.  August 

'„• 

3.5  Siss^jziedu 

to  be  sufficient  to  sata 

.sfy  prior  do' 

.-nstream  ■^•Tater             ( 

rights . 
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The  rock  which  forras  the  left  abutnent  is  similar  to  that  of 
the  right  abutment  except  that  a  welded  tuff  Luiit  is  present.  There  are 
no  landslides  on  this  abutment  and  probably  very  little  preparation  would 
be  required  to  ready  this  abutment  for  dam  construction. 

The  principal  rock  types  id. thin  the  reservoir  are  clay  shales  end. 
alluvitun.  There  would  be  no  leakage  through  the  shales;  however,  nea.r  the 
damsite,  gravels  and  volcanic  inaterials  lie  over  the  Cretaceous  rocks. 
For  water  surface  elevations  above  720  feet,  USGS,  leakage  would  probably 
occur  through  both  abutments  and  through  the  gravels  which  extend  under  the 
basalt-capped  ridge  east  of  the  right  abutment.  Further  subsurface  explora- 
tion would  be  required  to  determine  the  magnitude  of  leakage.  Should  it 
be  found  that  leakage  would  be  excessive,  the  area  could  be  blfinketed  vri.th 
Impervious  material  to  retard  water  loss. 

Both  the  U.  S.  Bureau  of  Reclamation  aiid  the  Department  of  i/ater 
Resources  have  made  investigations  for  borrow  materials  in  the  vicinity  of 
Millville  damsite.  The  Bureau,  in  19^5^  located  and  sampled  materials  \rlth- 
in  the  reservoir  area  and  doimstream  from  the  damsite.  The  Department, 
during  this  investigation,  has  sampled  and  tested  materials  about  2  miles 
dotmstream  from  the  proposed  damsite.  Location  of  possible  construction 
material  borrow  area,s  are  shovm  on  the  materials  location  map  on  Plate  11. 

Adequate  quantities  of  suitable  impervious  materials  are  avail- 
able in  borrow  area  1  in  the  reservoir  or  from  borrov;  area  2  do'.mstream 
from  the  damsite. 

About  750,000  cubic  yards  of  pervious  material  are  available  in 
area  5  in  the  Cow  Creek  stream  channel  dov/nstreaia  from  the  toim  of  Millville. 

Unlimited  quantities  of  basalt  for  riprap  are  available  from 
quarry  areas  3  siid  h   located  south  of  the  damsite. 

Project  Designs  and  Costs 

The  designs  and  costs  of  the  Millville  Project  are  presented  in 
the  follo^'d.ng  paragraphs  under  the  headings  of  dam  and  appiirtenant  struc- 
tures, reservoir,  stream  management  for  fishery  enhancement,  preservation 
of  -v/ildlife,  and  recreation. 

Dam  and  Appurtenant  Structures.  A  zoned  earthfill  darn  consisting 
of  an  impervious  section  idth  an  interior  rock  drain  and  rock  on  the 


■lh8- 


upstream  face  vas  selected  for  Millville  darasite.  This  type  of  dam  v;as 
chosen  to  make  the  best  economic  use  of  available  construction  materials 
V7"hile  assuring  adequate  safety  in  the  dam  structure. 

The  dam  would  be  ih^   feet  high,  \T±th   a  crest  width  of  30  feet  and 
a  crest  length  of  about  1,450  feet.  Tl:ie  crest  would  be  at  elevation  7^9 
feet  USGS  datiun.  Plate  11  presents  the  plan,  profile,  and  maximum  section 
of  Millville  Dam. 

The  labankment  section  also  shoi.Ti  on  Plate  11  -(."as  chosen  to  make 
maximum  use  of  the  impervious  m^i.terial.  Zone  1  would  contain  clayey  silt 
alluvixim  from  borrow  area  1  as  sho^m  on  the  construction  materials  map. 
Zone  2  consists  of  siltj^  sands  from  borrow  area  2  downstream  from  the  dam- 
site.  The  total  embankment  volume  would  be  about  1,810,000  cubic  yards. 

A  vertical  chimney  drain  would  be  placed  betvreen  Zones  1  and  2. 
Drain  material  v/ould  be  obtained  from  stream  gravel  deposits  belov;  the 
damsite. 

Stability  against  rapid  drav;do'vm  u-ould  be  provided  by  placing 
a  rolled  rock  zone  on  the  upstream  face  of  the  embankment.  The  rock 
material  would  be  obtained  by  quarrying  the  adjacent  basalt  cap  material. 
The  weathered  material  would  be  placed  next  to  the  impervious  Zone  2 
material  while  the  fresh- quarried  rock  would  be  used  to  form  the  outer  shell. 
Selected  material  from  the  quarrying  operation  would  be  used  to  blanket 
the  doimstream  slope  of  the  embankment  as  a  protection  against  erosion. 

An  average  depth  of  stripping  of  10  feet  ■l^ra.s  assumed  to  be 
adequate  imder  the  entire  dam  structure.  Foundation  grouting  quantities 
vere   based  on  two  rou^s  of  40-foot  holes  at  10-foot  centers.  Grout  take 
\Tas   assumed  to  be  about  one  sack  per  foot  of  hole.  Geologic  studies 
indicate  relatively  firm  rock  conditions  below  elevation  7^0  feet. 

The  Spill\7ay  would  be  excavated  through  the  left  abutment. 
Excavation  would  be  throiigh  the  welded  tuff  end   gravel  unit  which  vrauld  be 
susceptible  to  scour  at  high  water  velocities,  so  lining  of  the  spillway 
wo\ild  be  required.  The  spillway  v.'a.s  designed  to  pass  the  probable  msxiimum 
flood  inflov/  of  29,600  second-feet  •'.'.'ith  a  ma:d.mtira  spillvTay  discharge  of 
20,000  second-feet.  This  flow  would  produce  a  maximum  surcharge  of  20  feet 
above  the  spilli/ay  lip. 
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The  spillway  voiild  consist  of  (l)  a  60-foot-wide  approach 
channel  •^^dth  a  50- foot-long  paved  approach  apron,  (2)  a  control  stmctiore 
consisting  of  an  ungated,  20-foot-high  ogee  weir  foiuided  on  firm  rock, 
and  (3)  a  60-foot-\d.de,  concrete- lined  chute  section,  about  65O  feet  long, 
terminating  in  a  flip  bucket  energy  dissipator. 

The  Outlet  Works  conduit  would  be  located  in  the  left  abutment 
and  vrauld  be  constructed  by  cut-and-cover  methods.  Normal  streamflow 
would  be  diverted  through  this  conduit  during  construction  of  the  dam. 

The  outlet  works  would  consist  of  an  intake  tower  located  in 
the  embankment  \n.th   the  inlet  placed  at  elevation  65O  feet  and  a  5- 
foot-diameter  outlet  pipe  about  6OO  feet  long  passing  xmder  the  embankment. 
Access  to  the  control  valve  would  be  from  the  downstream  end.  Releases 
of  up  to  400  second-feet  could  be  made  through  the  outlet  vrarks.  A  12- 
inch  bypass  would  provide  for  emergency  releases  for  fish. 

Reservoir.  About  3^000  acres  of  land  would  have  to  be  acquired 
for  the  reservoir  area  and  for  areas  suitable  for  recreation  development. 
Of  this  amount,  1,100  acres  within  the  reservoir  area  consisting  of 
pasture  and  scattered  oak  trees  would  have  to  be  partially  cleared. 

The  South  Cow  Creek  road  would  be  located  aroimd  the  north  side 
of  the  reservoir.  Total  length  of  the  new  road  woiild  be  between  5  and  6 
miles. 

Table  32  includes  a  summary  of  the  costs  of  Millville  Dam, 
reservoir,  and  appurtenances. 
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TABLE  32 

SUI#1ARY  OF  COSTS  OF  MILLVILLE  DAM, 
RESERVOIR,  AUD  APPURTEI^Al^CES 


Item 

Construction 
Cost 

Engineering, 
Administration, 
Contingencies, 
ajad  Interest 
During  Construction 

Total 

Capital 

Costs 

Dam  and  Appurtenances 
Embankment 
Spillway 
Outlet  V/orks 

$2,260,000 
530,000 
^00,000 

Subtotal 

3,190,000 

1,280,000 

4,470,000 

Reservoir 

Land  Acquisition 
and  Clearing 

Construction  Facil- 
ities and  Reloca- 
tion of  Roads 

395,000 
i^75.000 

Subtotal 

870,000 

350,000 

1,220,000 

Total 

U, 060, 000 

1,630,000 

5,690,000 

Stream  Management  for  Fishery  Enhancement.  Studies  conducted 
during  this  investigation  by  the  Department  of  Fish  and  Game  indicate  that 
South  Cow  Creek  below  Millville  damsite  could  be  improved  for  salmon 
spawning  vdth  water  released  from  reservoir  storage.  These  studies  also 
indicate  that  the  main  stem  of  Cow  Creek  below  Palo  Cedro  could  not  be 
improved  by  additional  water  because  essentially  all  suitable  spa-vming 
gravel  in  this  reach  is  presently  being  used.  In  order  to  properly  manage 
the  stream  channel  and  improve  some  areas  for  maximum  spawning  activity, 
it  would  be  necessary  to  acquire  rights  to  manage  South  Cow  Creek  from 
Millville  damsite  to  the  confluence  of  the  main  stem  of  Cow  Creek.  The 
area  req\aired  would  be  about  I30  acres  and  would  cost  about  $40,000.  It 
■\-ra.s  estimated  that  the  present  average  spasming  run  in  this  reach  of  stream 
is  about  750  fish.  V/ith  improved  flows  provided  by  the  proposed  project, 
the  spai^ming  run  could  be  increased  by  about  10,000  fish.  The  stream 
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should  be  stocked  with  fingerling  salmon  at  the  rate  of  200  fingerlings 
per  adult  spawner  each  year  for  k   years  follo-id.ng  project  construction 
to  initiate  the  spawning  run.  This  would  cost  about  $20,000  per  year. 

The  total  estimated  initial  cost  of  improving  the  spavming  in 
South  Cow  Creek  would  be  $115,000.  The  average  annual  equivalent  cost 
would  be  $5,^0. 

Preservation  of  Wildlife.  Department  of  Fish  and  Game  studies 
showed  that  development  of  the  Millville  Project  would  cause  considerable 
loss  of  quail  habitat.  Deer  losses  would  be  negligible.  Replacement  of 
quail  habitat  could  be  provided  by  diversion  of  a  small  amount  of  water 
from  the  stream  above  the  reservoir  to  l40  acres  of  land  at  the  east  end 
of  the  reservoir.  Total  present  worth  value  of  wildlife  preservation 
costs  would  be  $19,000,  The  average  annual  equivalent  costs  ;rould  be 
$900. 

Recreation.  Estimates  of  the  recreation  facilities  needed  at 
the  Millville  Project  to  meet  projected  recreation  demands  were  made  to 
determine  if  the  site  could  be  developed  to  meet  the  demand  and  to  estimate 
costs  of  the  recreation  facilities.  Estimated  demand  would  require 
installation  of  about  17  recreation  units  during  the  first  decade  of  project 
operation.  These  recreation  units  were  designed  for  day  use  only.  The 
number  of  recreation  units  required  to  meet  the  future  demand  \/as  estimated 
on  the  basis  of  recreation  use  projections. 

The  costs  of  the  recreation  facilities  were  based  on  state  park 
experiences  and  are  estimated  to  be  $2,100  for  each  recreation  unit.  This 
unit  cost  would  include  water  supply,  sanitary  facilities,  and  interior 
recreation  roads.  Costs  of  other  recreation  facilities  such  as  boat  launch- 
ing areas  and  swimming  beaches  v/ere  estimated  separately. 

Costs  of  operation,  ma.intenance,  and  replacement  of  the  recreation 
facilities  were  estimated  from  costs  of  similar  recreation  areas.  This  cost 
vfas  found  to  be  about  30^^  per  visitor  day. 

Total  present  worth  costs  of  installation  of  recreation  facilities 
and  operation,  inaintenance,  ond  replacement  during  the  50-year  period  of 
analysis  is  $350,000.  The  average  annual  equivalent  cost  is  $l6,300. 
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Svimmary  of  Project  Costs.  A  summary  of  the  estimated  project 
costs  during  the  50- year  period  of  analysis  is  presented  in  Table  33* 
The  capital  cost  of  the  project  is  estimated  to  be  about  $5^9&6,000. 
The  present  worth  of  the  tota,l  expenditxires  over  the  50-year  period  is 
estimated  to  be  $6,530,000.  The  average  annual  equivalent  cost  would  be 
$30i|,000. 

TABLE  33 
SUItlARY  OF  MILLVILLE  PROJECT  COSTS 


Pre 

sent  "i.'orth 

Average 

Operations, 

Project 

Capital 

Maintenance, 

Total 

Annual 

Feature 

Cost 

Replacement, 

and  General 

Expense 

Eqiiivalent 
Cost 

Dam,   Reservoir,  and 

$5,690,000 

$356,000 

$6,0^4-6,000 

$281,400 

Appvirtenances 

Access  Rights  axid 

115,000 

0 

115,000 

5,itoo 

Stream  Liiproveraent 

for  Salmon  Spaimin^ 

7 

Recreation  Facilities 

3              175,000* 

175,000 

350,000 

16,300 

Preservation  of 

6,000 

13,000 

19,000 

900 

Wilrllife 

Total 

5,986,000 

6,530,000 

304,000 

*  Includes  present  worth  value  of  future  expendltujres . 
Project  Accomplishments  and  Benefits 

Both  the  local  and  state■^^dde  economy  would  benefit  from  the 
Millville  Project  as  proposed  herein.  Construction  of  Millville  Reservoir 
■vdth  a  storage  capacity  of  7^^,000  acre-feet  vrauld  provide  for  fishery 
enhanconent,  recreation,  flood  control,  and  conservation  of  water  for  export. 
The  accomplishments  and  benefits  from  each  of  these  project  purposes  are 
discussed  in  this  section. 

Fishery  Enhancement.  The  assured  streamflow  provided  by 
Millville  Project  would  make  sufficient  gravel  available  in  South  Cow  Creek 
for  an  additional  10,000  salmon  spavmers.  This  increase  would  produce  an 
increase  in  the  commercial  salmon  catch  of  about  23,000,  and  an  increase 
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in  the  sport  salmon  catch  of  about  6,000.   Figure  8  sho'JS  the  flow  in  South 
Cow  Creek  diu'ing  the  spaA/nlng  season  for  project  conditions  compared  to  the 
median  impaired  flow  for  1921-22  through  19^0-41.  Minimum,  recorded 
monthly  flo^ra  are  also  shovn.  Department  of  Fish  sjid  Gajiie  studies  indicate 
that  spavming  in  the  nialn  stem  of  Cow  Creek  below  Palo  Cedro  would  not  be 
increased  by  additiona,l  water  because  essentially  all  svdtable  spawning 
gravel  in  this  reach  is  presently  being  used.  However,  additional  flow  in 
this  reach  of  the  stream  would  not  harm  the  present  salmon  run. 

Benefits  from  increased  production  of  salmon  produced  by  the 
increased  spasming  activity  would  have  a  capitalized  value  of  32,330,000. 
This  is  equivalent  to  an  average  annual  benefit  of  $111,000.  A  detailed 
description  of  salinon  potential  and  possible  production  is  presented  in 
Appendix  B. 

Recreation,  i'lillville  Reservoir  with  a  normal  water  surface  ele- 
vation of  729  feet,  USGS  datum,  would  provide  a  good  setting  for  vn?„ter- 
associated  recreation.  Boa.ting,  picnicking,  reservoir  fishing,  and  swimming 
would  be  provided  at  Millville  Reservoir.   v?ith  adequate  facilities  provided 
for  the  predicted  demand,  it  is  estimated  that  there  would  be  about  10,000 
visitor-days  of  use  ejinually  at  the  beginning  of  project  operation.  This 
nvimber  would  increase  to  about  70^000  visitor-days  annually  by  the  year 
2020. 

Total  recreation  benefits  from  this  project  have  an.   estimated 
capitalized  value  of  about  Ol^O^O^jOOO-  The  average  annual  equivalent  bene- 
fit would  be  $4^,000. 

Flood  Control.  Under  present  conditions,  flood  irater  of  the  Cow 
Creek  drainage  system  causes  very  little  damage.  There  is  some  bank  erosion 
and  agricultural  dama.ge  at  times  of  exceptionally  high  streamflow. 
Preliminary  flood  damage  studies  indicate  that  there  v/ould  be  no  demand  for 
flood  control  in  the  Cow  Creek  Flood  plain  downstream  from  Millville 
Reservoir. 

Since  Millville  Reservoir  would  be  operated  to  supply  fishery 
enhancement  water  during  the  simimer  and  fall  months,  it  would  generally  be 
dravm  do-vm  to  its  lowest  storage  each  year  at  the  beginning  of  the  flood 
season.   Consequently  flood  dama.ges  in  the  lower  reaches  of  the  Sacramento 
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FIGURE    8 


COMPARISON   OF  AVERAGE    MONTHLY  STREAM    FLOWS    IN    SOUTH   COW  CREEK 
BELOW   MILLVILLE    DAM    DURING  THE    SALMON    SPAWNING    SEASON 
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Pdver  below  the  confluence  with  Cow  Creek  would  be  reduced  by  this  project. 
As  stated  earlier,  eji   annual  flood  control  benefit  of  50?^  per  acre-foot  of 
active  storage  was  assigned  to  each  tributary  reservoir  for  flood  reduction 
in  the  Sacramento  Valley  between  Red  Bluff  and   Colusa.  This  remote  bene- 
fit \v-ould  total  about  $35^000  annually.  The  capitalized  value  of  this 
amount  would  be  $750^000. 

Conservation  for  Export.  Since  Mllville  Reservoir  would  be 
operated  to  provide  for  fishery  enhsjiceraent,  a  nonconsumptive  use,  \ra.ter 
which  previously  would  have  reached  the  Delta  during  periods  of  spill 
could  now  be  e:cported  to  areas  of  need.  It  is  estimated  that  about  21,000 
acre-feet  per  year  of  new  yield  would  be  developed  by  this  project. 

The  capitalized  value  of  this  yield  is  $^,890,000.  The  equiv- 
alent average  annual  value  is  $228,000. 

Summary  of  Project  Benefits.  A  summary  of  the  estimated  project 
benefits  of  the  i-Iillville  Project  is  presented  in  Table  3^^.  The  present 
worth  value  of  the  total  benefits  is  $9^060,000;  the  average  annual  equiv- 
alent value  is  yij-22,000. 

TABLE  3^ 
SUl/lMARY  OF  I-IILLVILLE  PROJECT  BEIIEFITS 


Project  Purpose 

Present  Worth 
of  Total 
Benefits 

Average  Annual 
Equiva.lent 
Benefit 

Fishery  Enhancement 

$2,380,000 

$111,000 

Recreation 

l,OiK),000 

48,000 

Flood  Control 

750,000 

35,000 

Conservation  for  Export 

4,890.000 

228,000 

Total 

9,060,000 

422,000 
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Economic  Justification 

The  prescait  woi^th  value  of  the  project  benefits  throughout  the 
50-year  period  of  economic  analysis  (1970-2020)  \ms   estimated  to  be 
$9,060,000.  The  total  capitalized  cost  of  the  project,  based  on  I963  price 
levels  and  including  the  present  worth  value  of  future  expenditures  for 
additions  and  for  operation  and  maintenance,  \ra.s   estimated  to  be  $6,530,000. 
The  resulting  comparison  of  benefits  and  costs  indicate  that  the  project 
is  economically  justified  by  a  ratio  of  l,k   to  1.0. 

Cost  Allocation 

A  preliminary  allocation  of  project  costs  vas  made  to  determine 
the  proportion  of  the  costs  that  should  be  charged  to  each  of  the  various 
project  purposes.  A  summary  of  the  results  of  the  allocation  are  presented 
in  Table  35. 

The  allocation  shows  that  the  annual  cost  of  providing  a  new 
yield  of  21,000  acre-feet  ajinually  at  the  Delta  would  be  about  $122,000. 
Since  it  v/as  assumed  that  the  demand  for  additional  ■^ra.ter  in  the  Delta 
mil  not  occur  until  I98O,  water  would  be  delivered  only  during  the  last 
ho   years  of  the  period  of  project  ajialysis.  Based  on  this  assumption,  the 
cost  per  acre- foot  of  water  delivered  wo\ild  be  about  $9.30. 

Bella  Vista  Project 

The  Bella  Vista  Project  would  consist  of  a  dam  and  reservoir  on 
Little  Cow  Creek,  recreation  facilities  around  the  reservoir,  fishery  enhance- 
ment stream  improvement  on  U-1/2  miles  of  Little  Cow  Creek,  and  >d.ldlife 
preservation  facilities.  The  damsite  is  in  Shasta  County  about  k   miles  up- 
stream from  the  confluence  of  Little  Cow  v/ith  South  Cow  Creek.  The  drain- 
age area  of  Little  Cow  Creek  tributary  to  Bella  Vista  Reservoir  is  about 
123  square  miles.  The  estimated  maximum  iirrpaired  average  annual  runoff  at 
the  damsite  for  the  study  period  1921-22  throiigh  19UO-4l  is  99,200  acre- 
feet. 

Water  stored  in  a  reservoir  at  this  site  could  be  used  to  improve 
the  salmon  spa-vming  areas  in  Little  Cow  Creek  below  the  damsite,  provide 
an  irrigation  supply  for  the  Cow  Creek  bottoms  subservice  area,  provide  a 
measure  of  flood  control  along  the  Sacramento  River  doimstream  from  the 
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TABLE  35 

PRELIMimRY  ECONOMIC  COST  ALLOCATION  FOR  THE 
MTT.T.VTT.T.E  PROJECT 
(Based  on  average  annual  equivalent  values  in  dollars) 

Fishery 
Enhancement 

.  Recreation 

Flood 
Control 

Conserva- 
tion for 
Export 

Total 

Benefits 

$111,000 

$1+9,000 

$35,000 

$228,000 

$1+23,000 

Alternative  Costs 

270,000 

1/ 

U 

131,000 

Total  Justifiable 

Costs  2/ 
Separable  Costs  3/ 
Remaining  Benefits  \j 

111,000 
19,000 
92,000 

1+9,000 
16,000 
33,000 

35,000 

0 

35,000 

131,000 

17,000 
111^,000 

326,000 

52,000 

27l+,000 

Percentage  Distribu- 
tion of  Remaining 
Benefits 

33. 6f. 

12.0^ 

12.8^0 

1+1.6/. 

100.  Ofo 

Total  Project  Cost 
Total  Separable  Cost 
Total  Remaining  Joint 
Costs 

30)+,  000 
52,000 

252,000 

Allocated  Remaining 

Joint  Costs  _5/ 
Separable  Costs 

85,000 
19,000 

30,000 
16,000 

32,000 

0 

105,000 

17,000 

252,000 
52,000 

Total  Allocated  Cost 

10l+,000 

1+6,000 

32,000 

122,000 

30l+,000 

1/  Assumed  to  be  in  excess  of  benefits. 

2/  The  justifiable  cost  is  the  smaller  of  the  two  values,  benefits  and 

alternative  costs. 
3/  Separable  costs  are  the  difference  between  the  total  project  cost,  and 

the  cost  with  a  given  purpose  excluded. 
1+/  Remaining  benefits  represent  the  difference  between  total  justifiable 

costs  and  the  separable  costs . 
5/  Remaining  joint  costs  are  allocated  in  accordance  with  the  percentage 

distribution  of  remaining  benefits. 
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confluence  vdth  Cow  Creek,  provide  an  area  which  could  be  developed  for 
water-associated  recreation  activities,  and  increase  the  Delta  e:cport 
yield. 

Studies  were  made  to  determine  if  each  of  the  aoove  purposes 
were  justified  for  inclusion  in  the  project  analysis.  Results  indicated 
that  each  purpose  except  local  irrigation  would  "oe  justified.  Local 
irrigation  would  not  he  justified  since  groimd  ■'jater  could  be  developed 
at  less  cost. 

Reservoir  Sizing 

Benefits  and  costs  for  all  proposed  project  purposes  were 
estimated  for  reservoirs  \i±th   various  storage  capacities.  The  project  costs 
and  benefits  vere   conrpared  at  various  sizes  and  for  various  combinations 
of  project  purposes.  From  this  study  it  ^./as  determined  that  no  project 
size  \jaz   economically  justified.  Therefore,  the  project  that  is  presented 
in  the  following  sections  is  for  illustrative  purposes  only. 

Project  Operation 

Project  \-ra,ter  yields  were  determined  by  operation  studies  imder 
operation  criteria  set  forth  at  the  beginning  of  this  chapter.  The  reser-' 
voir  was  operated  to  provide  for  ma.ximura  salmon  enhancement  after  it  ',73.s 
determined  that  local  irrigation  demands  could  be  more  economically  served 
from  ground  ivater.  In  addition,  consideration  \.'3,g  given  to  the  develop- 
ment of  v/ater  for  export  to  the  Delta. 

The  T/ater  supply  of  Bella  Vista  Reservoir  could  be  supplemented 
by  diversion  from  Clover  Creek  and  Oak  Riui  Creek.  Location  of  the  possible 
diversion  sites  are  sho^m  on  Plate  3-  Estims.tes  of  the  arao-unt  of  vra.ter 
available  for  diversion  were  made  and  used  to  detennine  the  additional 
project  benefits  that  wotild  accrue.  Costs  of  the  diversions  were  also 
estimated.  Preliminary  study  of  the  Bella  Vista  Project  ^-ath  and  -..Ithout 
the  diversions  showed  that  the  project  would  not  be  economically  justified. 
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Geology 

Bella  Vista  damsite  is  located  in  a  iride   valley  bounded  on  the 
east  and  vrest  by  broad,  dissected  plateaus  ifhich  niake  up  part  of  Stillwater 
Plains .  The  i-.dde  valley  i-ras  formed  by  do^.Ticutting  of  the  meandering  stream 
channel. 

Parasite.  Fovuida,tion  material  at  the  proposed  damsite  consists 
of  semi consolidated  clay,  silt,  ssjid,  and  gravel  of  the  Tuscan-Tehama 
sediments  ■\rhich  outcrop  in  horizontal  beds  on  both  abutments  and  extend 
beneath  the  channel.  At  the  top  of  the  abutment,  the  Tuscan-Teliama  sedi- 
ments are  capped  by  approximately  20  feet  of  andesitic  agglomerate.  The 
channel  section  contains  alluvium  approximately  10  feet  deep  consisting 
of  unconsolidated  clay,  silt,  sand,  and  gravel,  '.dth  isolated  patches  of 
Tuscan-Tehama  sediments  ejq)Osed  in  the  present  stream  channel.  Ho  sub- 
svirface  exploration  i.'as  done  at  the  damsite. 

Reservoir.  The  entire  reservoir  area  is  underlain  by  the  Tuscan- 
Tehama  sediments.  Light  to  moderate  leakage  may  be  expected  to  occur 
through  gravel  layers  in  the  abutment  unless  special  treatment  is  provided. 
'  Leakage  from  the  reservoir  irould  probably  result  in  a  higher  water  table 
downstream  from  and  adjacent  to  the  reseirvoir.  Further  study  would  be 
reqviired  to  accurately  estimate  the  quantity  of  leakage  from  a  Bella  Vista 
Reservoir.  Silting  in  the  reservoir  should  be  negligible  and  landslides 
should  not  pose  a  problem. 

Construction  >Iaterials .  Some  subsurface  exploration  of  possible 
borrow  materials  was  carried  out  during  this  investigation.  A  4l-foot 
deep  core  hole  and  eight  auger  holes  were  drilled  at  possible  borrow  area 
sites. 

Studies  indicate  that  sufficient  quantities  of  semipervious  and 
impervious  material  consisting  of  silty  sand  to  clayey  gravel  alluvium  are 
located  in  the  reservoir  area.  Locations  of  these  materials  are  sho\-m  as 
Area  1  on  Plate  12,  "Bella  Vista  Dam  and  Reservoir  on  Little  Cow  Creek". 
Stream  gravel  in  Cow  and  Bry   Creeks,  id. thin  3  miles  of  the  proposed  dam- 
site, should  provide  sufficient  pervious  material.  Adequate  material  for 
riprap  or  rockfill  is  available  from  a  basalt  flo\/,  located  approximately 
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k   miles  east  of  the  proposed  damsite  and  sho-vm  as  Area  3  on  Plate  12. 
Generally,  the  construction  materials,  \d.th  the  exception  of  quarried  rock 
for  riprap,  can  be  removed  by  common  excavation. 

Designs  ajid  Costs 

A  preliminary  design  and  cost  estimate  was  conrpleted  for  a  reser- 
voir '.dth  a  storage  capacity  of  150,000  acre-feet.  The  dam  wcrald  have  a 
crest  elevation  of  617  feet,  would  be  I30  feet  high,  and  would  have  a  crest 
iddth  of  30  feet.  It  would  consist  of  a  homogeneous  earthfill  embankment 

VTith  side  slopes  of  3*5  to  1  on  the  upstream  face  and  2.5  to  1  on  the  down- 
stream face,  and  \/ould  contain  about  U, 500,000  cubic  yards  of  fill.  A 
typical  cross  section  of  the  dam  is  shown  on  Plate  12. 

An  ungated  spillway  would  be  constructed  across  the  left  abutment 
of  the  damsite  and  '..'ould  discharge  into  a  ravine  leading  back  to  Little  Cow 
Creek  about  one-half  mile  below  the  damsite.  The  spill\ra,y  vra.s  designed  to 
pass  a  probable  majcimum  flood  inflow  of  46,000  second-feet  iriLth  a  spillvra.y 
discharge  of  about  30,000  second- feet.  This  would  require  a  maximum  sur- 
charge of  12  feet  above  the  spillv/ay  lip.  The  spillway  would  consist  of  a 
200-foot  ■^^dde  approach  channel  concrete-lined  for  the  last  50  feet,  an 
ungated  concrete  overflow  weir  15  feet  high  and  a  concrete-lined  chute  about 
4^0  feet  long,  terminating  in  a  stilling  basin.  The  \rateT   would  then  return 
to  Little  Cow  Creek  through  the  ravine. 

The  outlet  works  would  be  located  in  the  left  abutment  and  v/ould 
be  used  for  both  diversion  of  the  stream  during  construction  and  for  con- 
trolled release  of  water  from  the  reservoir  follov/ing  construction.  The 
outlet  works  vrould  consist  of  a  reinforced  concrete  intake  structrore,  a 
60-inch-diameter  steel  pipe  enclosed  in  a  9-foot,  horseshoe- shaped  concrete 
conduit,  and  the  necessary  control  and  energy  dissipating  valves. 

Costs  of  acquiring  the  U,000  acres  of  land  necessary  for  the  reser- 
voir and  recreation  lands  were  estimated  from  recent  comparable  land  sales 
in  the  area.  The  acquisition  cost  was  estimated  to  be  $1,300,000.  It  was 
assumed  that  the  reservoir  area  below  normal  pool  elevation  (1,500  acres) 
could  be  partially  cleared  at  a  \mit  cost  of  about  $100  per  acre.  Reloca- 
tion of  12  miles  of  U.  S.  Highway  299  ^xid   three  bridges  between  Redding 
and  Bumey  would  be  required  around  the  south  side  of  the  reservoir.  A 


.161- 


unit  cost  of  highway  construction  of  ;)215,000  per  iiiile  was  used  to 
estimate  relocation  costs. 

The  initia.1  cost  of  the  dam,  i-eservoir,  and  appurtenances  is 
estimated  to  be  ;^lO, 400,000,  including  engineering,  contingencies,  and 
interest  during  construction.  The  capitalized  cost  of  these  features 
including  present  worth  of  operation,  ma.intenancc,  and  general  expense 
would  be  a,bout  $18,900,000.   The  average  annual  ec^uivalent  cost  is 
$880,000. 

The  cost  of  fishery  enhancement  is  made  ut:  of  the  cost  of  acquir- 
ing rights-of-\/ay  and  the  cost  of  planting  fingerling  salmon  to  initiate 
the  spa-'.'.'ning  lam.  The  capita.l  cost  of  right-of-way  is  estimated  to  be 
$26,000  and  the  cost  of  stocking  fingerling  salmon  is  $10,000  each  year 
for  four  years  follo^sdng  project  completion.  The  total  capitalized  cost 
of  fishery  enhancement  is  ^63,000;  the  average  annual  equivaleiit  value 
is  $2,900.   It  was  assumed  that  operation  and  maintenance  of  this  spawning 
area  would  be  handled  by  the  Department  of  Fish  and  Game  at  no  cost  to  the 
project. 

■The  cost  of  recreation  facilities  was  estimated  on  the  basis 
of  $2,100  per  recreation  unit.  Costs  of  operation,  maintenance,  and  replace- 
ment of  these  facilities  were  estimated  to  be  309$  per  visitor-day.  It  was 
estimated  that  about  100  recreation  i^nits  should  be  installed  during  the 
first  deca.de  of  opera.tion.  A  total  of  ^3  recreation  units  would  be  in- 
stalled during  the  50-year  period  of  economic  analysis.  Total  capitalized 
cost  of  constructing  recrea.tion  facilities,  including  the  present  worth  of 
operation  and  maintenance,  is  estimated  to  be  about  $1,250,000.  The 
average  annual  equivalent  cost  would  be  about  $58,300. 

The  area  that  would  be  in\;uidated  by  Bella  Vista  Reservoir 
presently  provides  habitat  for  many  quail.  If  the -reservoir  were  construc- 
ted, about  1^0  acres  of  land  on  Little  Cow  Creek  above  the  reservoir  site 
could  be  improved  to  provide  for  loss  of  quail  habitat.  The  land  considered 
for  this  improvement  by  the  Department  of  Fish  and  Game  is  within  the 
proposed  reservoir  take  line.  To  maintain  optimum  quail  habitat,  a  diver- 
sion structure  in  the  stream  above  the  reservoir  and  irrigation  distribution 
facilities  should  be  provided  to  supply  crater  to  the  lands  used  for  quail 
habitat . 
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The  capitalized  cost  of  initial  lajad  improvement,  including 
present  worth  of  operation  and  maintenance,  is  estimated  to  be  i^l7,000. 
The  equivalent  average  annual  cost  would  be  about  $800. 

Table  36  presents  a  summary  of  Bella  Vista  Project  costs. 

TABLE  36 
SUMMARY  OF  BELLA  VISTA  PROJECT  COSTS 


Project  Featixre 

Present  Worth 
of  Costs 

Equivalent  Average 
Annual  Costs 

Dam,  Reservoirs  and 
Appurtenanc  es 

$18,900,000 

$880,000 

Fishery  Enhancement 

63,000 

2,900 

Recreation  Facilities 

1,250,000 

58,300 

Wildlife  Preservation 

17,000 

800 

Total 

20,230,000 

9^2,000 

Project  Accomplishments 

Bella  Vista  Project  would  include  the  follovang  purposes: 
(1)  fishery  enhancement,  (2)  recreation,  (3)  flood  control,  and  {k)   con- 
servation for  export.  The  benefits  that  would  be  derived  from  this 
project  are  presented  in  the  follo^d.ng  paragraphs. 

The  portion  of  Little  Cow  Creek  below  Bella  Vista  damsite  would 
be  improved  for  salmon  spavming  by  water  stored  p.nd  released  from  Bella 
Vista  Reservoir.  It  is  estimated  that  the  spawning  run  in  the  ^1-1/2  miles 
of  stream  belov/  the  dam  could  be  increased  by  5^000  fish  under  project 
conditions.  This  would  provide  an  annual  increase  in  the  ocean  commercial 
catch  of  about  12,900  salmon.  The  sport  catch  would  be  increased  by  about 
2,100  salmon  annually.  The  capitalized  benefit  from  this  increased  salmon 
production  would  be  about  $1,190,000.  The  average  annual  equivalent  value 
is  $55,000. 

Reservoir  recreation  would  result  from  the  3^700  acres  of  water 
surface  area,  and  from  the  recreation  lojids  surrounding  the  reservoir  that 
would  be  suitable  for  development  of  picnic  facilities.  Bella  Vista 
Reservoir  site  has  the  best  potential  for  recreation  development  of  any 
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reservoir  in  the  Cow  Creek  Drainage  Basin.  The  damsite  is  located  only 
about  8  miles  northeast  of  Redding  \d.th  good  access  from  State  Route  kk. 
It  was  estimated  that  55^000  visitor  days  of  recreation  use  would  occur 
annually  at  the  beginning  of  the  project  operation  and  that  this  use  would 
increase  to  about  480,000  visitor  days  by  the  end  of  the  50-year  period  of 
analysis.  The  present  worth  value  of  this  benefit  wovild  be  $5,l80,000  and 
the  average  annual  equivalent  value  is  $2^1,000. 

Reservoir  storage  at  Bella  Vista  Reservoir  wo\ild  provide  some 
flood  prevention  along  Little  Cow  Creek  below  the  dam  and  along  the  main 
stem  of  Cow  Creek  below  Palo  Cedro.  Preliminary  study  showed,  however, 
that  past  damages  v;ere  so  small  that  the  purpose  of  flood  prevention  in 
the  local  area  could  not  be  economically  justified  in  Bella  Vista  Project. 
Some  measure  of  flood  control  would  be  provided  in  some  areas  p.long  the 
Sacramento  River  downstream  from  the  confluence  vath  Cow  Creek.  Benefits 
in  dOTfflistream  areas  were  estimated  by  methods  described  earlier  and  woxild 
total  about  $71,000  annually.  The  capitalized  benefit  would  be  pl^ 500,000, 

Water  could  be  stored  in  Bella  Vista  Reservoir  during  periods  of 
surplus  and  released  during  periods  of  need  for  export  to  areas  downstream 
from  the  local  area.  The  firm  yield  of  the  Sacramento- San  Joaquin  Delta 
woiild  be  increased  by  about  3^,000  acre-feet  annually  if  Bella  Vista 
Reservoir  were  operated  as  proposed  herein.  The  present  v/orth  value  of 
export  benefits  is  $7,620,000.  The  equivalent  average  annual  benefit  is 
$355,000. 

A  summary  of  Bella  Vista  Project  benefits  is  presented  in 
Table  37. 
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TABLE  37 

SUI-HmRY  OF  BELLA.  VISTA  PROJECT  BEIiEFITS 
(150,000  acre-feet  storage) 


Project  Purpose 

Present  Worth  of 
Total  Benefits 

Equivalent  Avera.ge 
Annual  Benefit 

Fishery  Erihanceraent 

$  1,190,000 

$  55,000 

Recreation 

5,180,000 

241,000 

Flood  Control 

1,500,000 

71,000 

Conservation  for  Export 

7,620,000 

355,000 

Total 

15,490,000 

722,000 

Economic  Justification 

The  present  worth  value  of  project  "benefits  throughout  the  50- 
year  period  of  economic  analysis  (1970-2020)  vas  estimated  to  be  $15,490,000. 
The  total  capitalized  cost  of  the  project,  based  on  I963  price  levels  and 
including  the  present  worth  of  future  e^rpenditures  for  additions  and  for 
operation  and  maintenance,  was  estimated  to  be  $20,230,000.  The  result- 
ing comparison  of  benefits  and  costs  shows  that  the  benefit-cost  ratio  is 
0.8  to  1.0  and  that,  therefore,  the  project  is  not  economically  justified 
under  present  economic  conditions. 

Best  Development  of  "u'ater  Resources  in  Co\;  and  Bear  Creek  Basins 

Studies  of  the  potential  for  surface  i/ater  development  in  the  Cow 
and  Bear  Creek  Basins  indicate  that  there  is  a  large  undeveloped  supply  of 
sxirface  \Tater   available.  The  studies  also  indicate  that  the  demand  for 
services  from  surface  ^-.-ater  storage  projects  would  be  limited  and  that  local 
water  supplies  for  agricultviral  and  domestic  use  could  best  be  supplied  from 
ground  v/ater.  Because  of  the  limited  demand  for  project  services,  tvll 
basin  development  would  not  be  economically  justified  at  this  time. 

The  only  s\irface  water  storage  project  economically  justified  is 
the  Mllville  Project.  The  project,  as  proposed,  does  not  include  diver- 
sions from  either  Old  Cow  or  Bear  Creeks.  If  the  demand  for  ;ra,ter  continues' 
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to  increase,  diversion  of  irater  into  and  regulation  by  Mllville  Reservoir 
may  become  necessary  and  economical  at  some  time  in  the  future. 

The  Millville  Project  as  proposed  herein  would  be  a  multiple- 
purpose  project  which  includes  the  purposes  of  fishery  enhancement, 
recreation,  flood  control,  and  conseivation  for  export.  Considering  the 
present  stage  of  local  area  development  and  present  economic  conditions, 
this  project  is  believed  to  be  the  proper  development  for  the  Cow  Creek 
Basin  at  this  time.  It  provides  a  nucleus  around  which  futiire  surface 
vra,ter  developments  could  be  staged  as  demands  for  conservation  of  water 
increase  and  economic  conditions  change. 

Flans  for  Development  of  Thomes  Creek  Basin 

Thoraes  Creek  Basin  consists  of  a  300-square-mile  drainage  area 
on  the  west  side  of  the  Sacramento  River  valley.  The  basin  is  bounded 
on  the  north  by  Cottonwood  and  Elder  Creek  Basins,  on  the  west  by  the  Eel 
River,  and  on  the  south  by  Stony  Creek.  Thoraes  Creek  joins  the  Sacramento 
River  about  15  miles  downstream  from  Red  Bluff. 

Precipitation,  which  falls  as  rain  and  snow  in  the  higher  ele- 
vations of  the  Thomes  Creek  vratershed,  produces  a  large  annual  runoff 
which  cotild  be  stored  in  a  reservoir  at  Paskenta  damsite.  Even  though  the 
snowpack  at  high  elevations  tends  to  prolong  the  surface  runoff  into  the 
early  summer  months,  there  is  need  for  conservation  of  high  winter  runoff 
for  use  during  the  lov/  streamflow  periods.  This  could  be  accomplished  by 
storage  at  the  Paskenta  site  near  the  town  of  Paskenta. 

Only  cursory  study  of  the  potential  for  ground  water  development 
in  the  Thomes  Creek  area  was  completed  diiring  this  investigation.  How- 
ever, extensive  ground  \ra.ter  investigations  conipleted  by  the  U.  S.  Bureau 
of  Reclamation  have  indicated  that  only  a  nominal  potential  for  ground 
tTater  development  exists  within  the  Thomes  Creek  irrigation  ^^ra,ter  service 
area  boundaries. 

Paskenta  Reseirvoir  is  the  only  \-rater   storage  site  considered 
for  development  in  the  Thomes  Creek  Basin. 

Paskenta  Project 
The  Paskenta  Project  consists  of  a  dam  and  reservoir  on  Thomes 
Creek,  an  irrigation  distribution  system,  and  recreation,  fishery 
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enhancement,  and  idldlife  preservation  facilities.  The  darasite  is  in 
Tehama  County  about  2-l/2  miles  upstream  from  the  tov/n  of  Paskenta  in 
Section  6,  T23N,  R6v;,  MDB&M. 

The  drainage  area  tributary  to  the  reservoir  contains  about  I85 
square  miles  and  produces  an  average  runoff  of  about  l80,000  acre-feet 
annually.  The  lowest  runoff  of  record  ^.-as  33,000  acre-feet  in  I923-2I+, 
the  highest  innoff  Mas   4^,000  acre- feet  in  1937-38 •  Present  and  future 
inrpairraents  to  streamflow  upstream  from  the  site  Mere   studied.  These 
studies  revealed  that  future  upstream  impairments  would  be  negligible. 

V/ater  stored  in  a  reservoir  at  this  site  could  be  used  for  local 
irrigation,  improvement  of  the  salmon  spa\ming  areas  in  Thoraes  Creek, 
recreation,  and  oqport  to  the  Delta.  Operation  of  the  reservoir  for  flood 
control  could  also  provide  a  measure  of  flood  control  along  Thoraes  Creek 
and  the  Sacramento  River. 

A  feasibility  study  of  the  Paskenta.  Project  as  a  local  project 
to  be  developed  by  the  Tehama  County  Flood  Control  and  V/ater  Conservation 
District  -i-ra-s  made  by  Clair  A.  Hill  and  Associates,  Civil  Engineers,  in 
June  1961.  It  Mas   concluded  in  that  report  that  a  multiple-purpose 
project  including  a  reservoir  with  a  capacity  of  65,000  acre-feet  would 
provide  water  for  irrigation,  fishery  enhancement,  and  recreation  and  that 
the  project  benefit-cost  ratio  vrauld  be  1.28  to  1.00. 

In  that  report  no  consideration  was  given  to  flood  control  as 
a  primary  function  of  the  project  because  it  ira.s  assumed  that  future  diver- 
sion to  Ne^rville  (Glenn)  Reservoir  would  effect  complete  control  of  Thoraes 
Creek  runoff.  However,  it  has  not  yet  been  decided  when  or  if  the  Newville 
(Glenn)  project  ^ri.11  be  built. 

The  plans  presented  in  this  b\illetin  are  based  on  the  assviraption 
that  Paskenta  would  be  the  only  \rater  development  project  on  Thomes  Creek 
and  that  it  would  not  depend  on  any  imports  from  the  Worth  Coast.  How- 
ever, the  project  as  presented  herein  would  be  fully  compatible  \-d.th   future 
developments  in  the  North  Coast. 

Project  Analysis 

Preliminary  study  of  the  Paskenta  Project  indicated  that  there 
wovild  be  a  demand  for  services  from  the  follo'/dng  project  purposes:   local 
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irrigation,  fishery  enhancement,  recreation,  flood  control,  and  conserva- 
tion for  export.  Studies  indicated  that  each  of  the  above  purposes  should 
be  included  in  the  project  analysis  since  there  is  a  demonstrated  demand 
for  each  fimction  and,  in  addition,  the  specific  costs  of  each  purpose 
were  less  than  the  estimated  benefits. 

Reservoir  Sizing.  Project  costs  and  benefits  were  compared  for 
several  reservoir  sizes  varying  from  a  small  reservoir  capable  of  supply- 
ing only  local  needs  to  the  larger  sizes  required  for  multiple-purpose 
use.  Several  combinations  of  project  purposes  were  studied  in  conjvinction 
with  the  various  sizes  to  determine  the  most  econoraLcal  size.  These  studies 
indicated  that  a  multiple-purpose  Paskenta  Reservoir  vd.th  storage  capacity 
of  105,000  acre- feet  at  normal  pool  elevation  of  987  feet  would  provide 
maximum  net  benefits. 

General  Features.  The  Paskenta  Project  as  proposed  v/ould  consist 
of  the  follo■^^ang  project  features:   (l)  dam  and  appurtenant  structures, 
(2)  reservoir,  (3)  stream  iniprovement  for  salmon  spa^^vning,  {h)   irrigation 
distribution  system,  and  (5)  recreation  facilities.  General  project  features 
are  shoim  in  Figure  9» 

Project  Operation.  Project  crater  yields  were  determined  by 
operation  studies  completed  under  operation  criteria  set  forth  8.t  the 
beginning  of  this  chapter.  The  reservoir  T^ra,s  operated  to  supply  the  maxi- 
mum requirements  for  local  irrigation,  and  to  provide  for  maximum  salmon 
enhancement.  In  addition,  consideration  iras  given  to  development  of  irater 
for  export  and  for  flood  protection.  An  annual  summary  of  the  monthly 
operation  study  is  presented  as  Table  38* 

Geology 

Paskenta  damsite  was  formed  by  do\in   cutting  of  Thoraes  Creek  through 
relatively  soft  rock  beds  sandwiched  between  two  resistant  conglomerate  and 
sandstone  beds.  The  foundation  rock  occurs  in  stratified  beds  having  very 
steep  cross-channel  dips  of  7O  to  80  degrees.  The  greater  portion  of  the 
damsite  is  a  massive  or  thickly  bedded  fine  to  mediiAm-grained  sandstone. 
This  sandstone  is  over  1,100  feet  thick  and  extends  from  above  the  crest  of 
the  proposed  dam  on  the  left  abutment  across  the  channel.  This  unit  include: 
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FIGURE  9 
PASKENTA.  PROJECT 


General  Project  Features 
(All  elevations  are  USGS  datiom) 


Dam 


Location SE-^,  Sec.  6,  T23N,  R6W,  MDB&M 

Type  Zoned  Earthfill 

Height  Above  Streambed,  in  Feet 212 

Crest  Elevation,  in  Feet 1,002 

Volume  of  Fill,  in  Cubic  Yards 3,^4-70,000  including  dike 

Reservoir 

Drainage  Area,  in  Square  Miles  I85 

Water  Surface  Elevation  at  Normal  Pool,  in  Feet 98? 

Storage  Capacity,  in  Acre-Feet  105,000 

Water  Surface  Area,  in  Acres 1,600 

Spill vay 

Type Chute  with  gated  weir,  two  50'  x  3O'  radial  gates 

Weir  Crest  Elevation,  in  Feet 957 

Design  Capacity,  in  Second-Feet   80,000 

Outlet  Works 

Type 36-iiich  steel  pipe  encased  in  concrete 

Project  Accomplishments 

Local  Irrigation  Yield,  in  Acre-Feet  Per  Year  63,000 

Salmon  Enhancement,  in  Numbers  of  Increased  Annual  Catch  20,000 

Yield  to  the  Sacramento- San  Joaquin  Delta,  in  Acre-Feet  Per  Year  .  3l+,000 


■169- 


TABLE  38 

SUMM/mY  OF  MONTHLY  OPERATION  STUDIES 
OF  PASKENTA  RESERVOIR 
(In  1,000  acre-feet) 


Rxinoff 

Storage 
on 

Inflow^/ 

Water  Releases  and  Losses 

Local 

Fishery 

Evapo 

- 

Year 

Oct.   1 

Irrigation 

Enhancement 

ration     Spill 

Total 

1921-22 

10.2 

193.2 

63.0 

28.0 

1^.1 

49.3 

11^1^.1+ 

22-23 

59.0 

li+5.5 

63. O2/ 

28.0    , 

h   3 

49.3 

Ikk.G 

23-2lj- 

59.9 

32.5 

3.6 

0 

k9.l 

2^4-25 

i^3.3 

28i^.O 

63.0 

28.0 

k.k 

166.1 

261.5 

1925-26 

65.8 

ll^li.U 

63.0 

28.0 

U.l 

6i+.2 

159.3 

26-27 

50.9 

337.1 

63.0 

28.0 

h.3 

228.1 

323.  i^ 

27-28 

61^.6 

256.7 

63.0 

28.0 

k.k 

165.6 

261.0 

28-29 

60.3 

55. i^- 

63.0 

28.0 

3.2 

0 

9i+.2 

29-30 

21.5 

1^2.2 

63.0 

28.0 

h.O 

16.9 

m  .9 

1930-31 

51.8 

53.7 

31.5^ 

lU.O^Z 

3.8 

0 

i^9.3 

31-32 

56.2 

113-2 

63.0 

28.0 

^.3 

15.2 

110.5 

32-33 

58.9 

88.3 

63.0/ 
31.5^/ 

28.0    / 
11^.  0^ 

3.9 

0 

'^.9 

33-3iv 

52.3 

7h.k 

h.k 

0 

k9.9 

3^-35 

76.8 

15^^.0 

63.0 

28.0 

k.k 

77.2 

172.6 

1935-36 

58.2 

190.0 

63.0 

28.0 

h.3 

95.6 

190.9 

36-37 

57.3 

112.2 

63.0 

20.0 

^.3 

12.5 

107.8 

37-38 

61.7 

14-1^6.2 

63.0 

28.0 

^.y 

3i^l.i^ 

i^36.9 

38-39 

71.0 

64.7 

63.0 

28.0 

3.9 

0 

9^-9 

39-i+O 

i^-0.8 

285.1 

63.0 

28.0 

h.3 

172,  i4- 

267.7 

1940-1^1 

58.2 

i^31.8 

63.0 

28.0 

^.5 

320.9 

ino.9 

Average 

53.9 

180.2 

k.2 

1/  Recorded  flows 

at  the  stream  gaging 

station  "Thomes  Creek  at  Paskenta." 

2/  Defic 

iency  of 

50  percent 

in  releases 

d\iring  192^4- 

,  1931, 

and  1934 

• 

NOTE:     Storage  at 

normal  pool  is  105,000  acre -feet. 

at  minimum  pool 

5,000 

acre-feet. 

Storage  on  October  1 

plus  inflow 

minus  ] 

-eleases 

and 

losses  equals  storage   on  folloving  October  1 

Minimum  stora 

ge  for 

this  operation  study 

is  10,100  acre-feet  on  ] 

December  1,   I929 

.      It 

was  assumed  that  irrigation  return  flow  and  fishery 

enhancement 

releases  wo\ild  satisfy  any  prior 

downstream  water  rights. 
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a  few  mudstone  and  conglomerate  interbeds.  The  remainder  of  the  damsite 
is  underlain  by  a  thick  mudstone  unit  extending  from  the  sandstone  at  the 
base  of  the  right  abutment  to  above  the  proposed  crest  on  the  right  abut- 
ment. This  rock  is  firm  and  moderately  hard  on  a  freshly  exposed  surface, 
but  slakes  rapidly  when  exposed  to  air. 

Several  minor  faults  and  shears  are  apparent  in  the  damsite 
area.  The  largest  fault,  a  high  angle  strike-slip  fault,  occurs  in  the 
channel  section  but  is  largely  obscured  by  stream  gravels.  Actual  displace- 
ment along  the  fault  is  not  known  since  movement  has  been  nearly  parallel 
tath  the  bedding,  and  no  offsetting  of  beds  has  occurred.  This  fault  does 
not  appear  to  be  a  serious  defect  of  the  foundation. 

In  19^6  the  U.  S.  Bureau  of  Reclamation  drilled  eight  explora- 
tion holes  having  a  total  footage  of  6l2  feet.  Three  holes  were  drilled 
in  each  abutment,  one  hole  in  the  channel  near  the  downstream  toe  of  the 
dam,  and  one  in  a  topographic  saddle  north  of  the  damsite.  No  subsurface 
foundation  exploration  was  conducted  at  the  damsite  during  the  current 
investigation . 

Water  pressure  testing  conducted  during  the  previovis  subsurface 
explorations  indicate  that  the  rock  is  fairly  tight.  It  is  anticipated 
that  only  a  small  to  moderate  amount  of  grout  ■'./111  be  reqviired  to  seal  the 
abutments . 

Rock  types  in  the  reservoir  area  are  predominantly  mudstone  and 
sandstone.  The  reservoir  \>d.ll  not  be  subject  to  leakage,  and  slides  will 
not  be  a  problem  since  these  rocks  are  not  deeply  weathered.  Minor  silt- 
ing is  expected  in  the  upper  portion  of  the  reservoir  where  Thomes  Creek 
discharges  from  its  canyon  and  enters  the  reservoir.  This  will  not  seriously 
impair  the  usable  storage  capacity  of  the  reservoir. 

A  borrow  materials  investigation  program  ^ra.s  conducted  by  the 
d^artraent  during  this  investigation.  Sixty- two  auger  holes  were  drilled 
and  soil  tests  were  conducted  on  samples  taken  from  30  of  the  holes. 

Impervious  materials  occur  in  the  terraced  areas  along  Thomes 
Creek  upstream  from  the  damsite.  This  material  is  slope\ra,sh  which  con- 
sists of  weathered  and  transported  mudstone,  sandstone,  and  conglomerate. 
The  material  varies  from  clayey  silt  to  silty  clay  and  is  occasionally 
gravelly  due  to  weathered  conglomerate  contributing  to  the  slopevra,sh.  It  is 
estimated  that  a  sufficient  supply  of  this  material  is  available.  However, 
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the  Tehama  formation,  located  2  miles  east  of  the  damsite,  would  also 
provide  suitable  material  for  impervious  fill. 

The  proposed  borrow  areas  for  pervious  material  are  located  in 
the  channel  both  upstream  and  downstream  from  the  site  and  are  shoim  on 
Plate  13,  "Paskenta  Dam  and  Reservoir  on  Thoraes  Creek" .  Due  to  larger 
rock  sizes  and  greater  uniformity,  the  dovmstream  deposits  are  probably 
the  most  suitable  for  use  as  pervious  material.  These  borrow  locations 
are  shown  as  area  5  o^  Plate  13 .  Oversize  cobbles  and  boulders  would  have 
to  be  removed  before  this  material  could  be  placed  as  pervious  fill. 

Test  blasting  and  core  drilling  i/as  performed  by  the  Department 
of  Water  Resources  in  a  possible  quarry  area  at  the  west  end  of  Williams 
Butte  in  1959.  A  diamond  core  hole  drilled  in  this  material  indicated 
that  the  material  below  depth  of  20  to  30  feet  would  be  adequate  for  rock- 
fill  or  riprap. 

Project  Designs  and  Costs 

The  designs  and  costs  of  the  Paskenta  Project  are  presented  in 
the  following  paragraphs  under  the  headings  of  dam  and  appurtenant  struc- 
tures, reservoir,  irrigation  distribution  system,  stream  management  for 
fishery  enhancement,  preservation  of  vri.ldlife,  and  recreation. 

Dam  and  Appurtenant  Structures.  A  zoned  earthfill  dam  was 
selected  for  Paskenta  Dam  in  order  to  take  maximiim  advantage  of  available 
construction  material.  A  typical  cross  section  of  the  dam  shovriLng  the 
various  embankment  materials  is  shown  on  Plate  13 .  The  impervious  material, 
which  comprises  Zones  1  and  2  of  the  dam  embankment,  would  be  obtained 
from  borrow  areas  1  and  2. 

A  chimney  drain  would  be  located  well  inside  the  downstream  limit 
of  Zone  1  to  provide  positive  seepage  control.  Drain  material  would  be     : 
excavated  from  area  5  shoim  on  Plate  13 . 

A  pervious  rolled  rock  zone  would  be  placed  at  the  upstream  edge 
of  the  fill  to  prevent  failure  of  the  embankment  during  rapid  drai,rdown 
from  the  reservoir.  The  material  for  this  zone  vrauld  be  obtained  by  quarry-! 
ing  conglomerate  material  from  borrow  areas  3  and.  k. 

The  Spill^^^ra■y  would  be  excavated  through  the  left  abutment. 
Excavation  would  be  throiogh  soft  shale  and  fairly  firm  sandstone  that  strike 
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nearly  parallel  to  the  channel.  A  gated  spillv/ay  \ras   selected  as  the 
most  economical  design  based  on  comparative  cost  estimates.  The  spill- 
\ia.y  was  designed  to  pass  the  probable  maximum  flood  inflow  of  83,000 
second-feet  ^^dth  a  raaximvim  spillway  discharge  of  80,000  second-feet  and 
a  vjater  surface  elevation  9  feet  above  normal  pool.  As  a  check  of  safety 
of  the  dam  against  overtopping  in  the  event  of  failure  of  the  gate  operat- 
ing mechanism,  the  maximum  flood  of  record  at  Paskenta  gaging  station 
(23,700  second- feet)  was  routed  over  the  top  of  the  spillway  gates.  On 
the  basis  of  this  study,  the  height  of  the  dam  vra.s  increased  by  6  feet 
to  provide  15  feet  of  surcharge  elevation  above  the  top  of  the  gates. 

The  Spillway  would  consist  of  (l)  an  approach  channel  vdth  a 
100- foot-long  paved  approach  apron;  (2)  a  control  structure  consisting  of 
a  7.5-foot-high  concrete  overf lovr  weir  f ovinded  on  firm  rock,  and  two  counter- 
weighted  radial  gates,  each  50  feet  long  by  30  feet  high;  and  (3)  a  100- 
foot--v/ide,  concrete-lined  chute  section,  about  8OO  feet  long,  which  would 
terminate  \-d.th   a  flip  bucket  to  dissipate  the  energy  of  the  vrater  before 
it  enters  the  stream  section  downstream  from  the  dam. 

The  gates  normally  would  be  operated  by  electrically  powered 
hoists,  but,  in  addition  a  float  chamber  would  be  provided  to  insure 
automatic  opening  of  the  gates  ■l^dthout  any  external  source  of  power. 

The  Outlet  \-/orks  would  be  located  along  the  base  of  the  right 
abutment  and  woiild  be  utilized  for  diversion  of  the  stream  during  construc- 
tion of  the  embankment.  They  would  consist  of  an  intake  structure  capable 
of  releasing  water  from  both  upper  and  lower  elevations  of  the  reservoir, 
two  36-inch  hydraulically  operated  slide  gates  for  control  of  releases, 
a  36-inch  \7elded  steel  pipe  encased  in  concrete,  and  an  energy  dissipating 
valve  at  the  dov.nistream  end. 

G^ie  outlet  works  \m.s   designed  to  discharge  15O  second-feet  \r±th 
a  gross  head  of  80  feet. 

Reservoir.  About  3,000  acres  of  land  must  be  acquired  for  the 
reservoir  and  for  contiguous  areas  suitable  for  recreation  development. 
Of  this  amount,  1,600  acres  in  the  reservoir  area  generally  consisting  of 
brush  and  range  land  vdth  scattered  oak  trees  would  have  to  be  partially 
cleared. 
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About  2  miles  of  existing  coionty  road  would  require  relocation, 
and  2  miles  of  access  road  to  the  dam  would  have  to  be  constructed.  There 
are  no  utilities  located  in  the  reservoir  area  which  require  relocation. 

Table  39  includes  a  summary  of  the  costs  of  Paskenta  Dam, 
Reservoir,  and  Appurtenajnces, 

Irrigation  Distribution  System.  The  Thomes  Creek  service  area 
shown  on  Plate  h  and.   in  Figure  9  could  be  served  by  water  stored  and 
released  from  Paskenta  Reservoir.  A  canal  leading  directly  from  the  main 
dam  and  four  canals  leading  from  two  diversion  stimctures  do-tmstream  from 
the  dam  would  supply  the  entire  service  area  by  gravity  flow. 

The  canal  leading  from  the  main  dam  ifould  be  about  6  miles  long 
and  would  have  a  maximum  capacity  of  about  10  second-feet.  Water  would  be 
released  directly  from  Paskenta  Daja  at  about  elevation  800  feet.  The  canal 
would  generally  follow  the  topographic  contour  ajid  would  provide  water  for 
about  800  acres  of  land  north  of  Thomes  Creek  adjacent  to  the  to^m  of 
Paskenta . 

A  small  diversion  dam  across  Thomes  Creek  about  k   miles  doi-nistream 
from  the  dam  would  be  required  to  divert  iiater   into  two  canals  at  about 
elevation  700  feet.  One  canal  would  transport  i/ater  to  about  3^800  acres 
of  land  lying  north  of  Thomes  Creek  in  the  vicinity  of  Floumoy.  The 
canal  would  be  about  10  miles  long,  -id-th  a  flume  across  McCarty  Creek,  and 
would  have  a  maximum  capacity  at  the  headworks  of  about  k^   second-feet. 

The  second  canal  would  transport  vra,ter  to  about  1,000  acres  of 
land  on  the  south  side  of  Thomes  Creek  upstream  from  Floumoy,  and  would 
continue  through  Squaw  Hollow  along  Corning  Road  to  serve  two  areas  adjacent 
to  the  Corning  Canal  service  area  having  a  total  area  of  about  3^500  acres. 
The  first  area,  which  lies  along  Glenn  Road,  contains  about  1,500  acres, 
and  the  second  area,  lying  along  Tapscott  Road,  contains  about  2,000  acres. 
The  canal  would  be  about  22  miles  long  and  would  have  a  maximum  capacity 
at  the  headvrorks  of  about  70  second-feet.  This  capacity  would  be  reduced 
progressively  as  ■iira.ter  is  used  along  the  canal  route. 

Another  small  diversion  dam  in  Thomes  Creek  would  be  required 
about  12  miles  doimstream  from  Paskenta  Dan  at  about  elevation  500  feet. 
VJater  from  this  dam  would  be  diverted  into  two  canals,  one  on  each  side  of 
the  stream. 
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TABLE  39 

SUI'K^iARY  OF  COSTS  OF  PASKEIITA 
mil,   RESERVOIR,  Aim  .'^I'PlIRTEI^.W'iCES 


Item 

Construction 
Cost 

Engineering, 
Administration, 
Contingencies, 
And  Interest  During 
Construction 

Total 
Capital 
Cost 

Dam  and  Appurtenances 

Embankment 
Spilli.iay 
Outlet  Works 
Saddle  Dam 

$4,300,000 

2,000,000 

240,000 

110,000 

Subtotal 

6,650,000 

2,500,000 

9,150,000 

Reservoir 

Land  Acquisition 
and  Clearing 

390,000 

Construction  Facilities 
and  Relocation  of 
Roads               340,000 

Subtotal 

730,000 

270,000 

1,000,000 

TOTAL 

7,380,000 

2,770,000 

10,150,000 

The  north  canal  \:ould  transport  ira.ter  to  about  4,200  acres  of 
land  surrounding  Henleyville.  It  would  be  about  8  miles  long  and  v'ould 
have  a  maximum  capacity  of  about  65  second-feet. 

The  south  canal  would  transport  \^fater  to  about  2,500  acres  of 
land  bounded  by  Thoraes  Creek,  the  500-foot  topographic  contour,  and  the 
Coming  Canal  service  area.   It  would  be  about  7  miles  long  and  would  have 
a  raaxirauia  capacity  of  about  40  second-feet. 
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Both  diversion  structures  on  Thomes  Creek  would  be  provided  ^.dth 
fish  passage  facilities  for  upstream  raigro.ting  adult  so.lmon.  Also,  all 
r:io.in  canals  vould  be  equipped  with  suitable  fish  screens  to  prevent  loss 
of  doimstreara  migrating  juvenile  salmon. 

The  estimated  construction  cost  of  the  53  niiles  of  canals  and 
diversion  structiires,  including  20  percent  for  engineering  and  contingencies 
but  not  including  rights-of-way  costs,  would  be  ^817,000.  Annual  operation 
and  maintenance  costs  were  estimated  to  be  about  $8,200.  The  total 
capitalized  cost  of  construction,  operation,  and  maintenance  would  be 
$990,000.  The  average  annual  equivalent  cost  would  be  $46,000. 

Stream  i-lanagement  for  Fishery  Enhancement.  Studies  were  conducted 
by  the  Department  of  Fish  and  Game  a,t  the  request  of  the  Tehama  County  Flood 
Control  and  VJater  Conservation  District  to  be  used  for  their  feasibility 
study  of  the  Paskenta  Project.  These  studies  indicate  that  nearly  all  of 
Thomes  Creek  below  the  damslte  could  be  improved  for  salmon  spa\niing  -vath 
iTater  released  from  reservoir  storage.  In  order  to  properly  manage  the 
stream  channel  and  improve  some  areas  for  maximum  spasming  activity,  it 
would  be  necessary  to  acquire  rights  to  manage  about  30  niiles  of  Thomes 
Creek  below  the  damsite.  The  acquired  area  \70uld  consist  of  about  9^0 
acres  at  a  cost  of  about  $200,000.  With  improved  flo'i^rs  provided  by  the 
proposed  project,  the  present  spavnaing  run   could  be  increased  by  about 
6,500  fish.  The  stream  should  be  stocked  vath  fingerling  salmon  at  a  rate 
of  200  fingerlings  per  adult  spavmer  each  year  for  h   years  follovang  proj- 
ect construction,  to  initiate  the  spavvTiing  run.  This  would  cost  about 
$13,000  per  year. 

Folloiang  acquisition  and  initial  improvement  of  the  stream 
channel  the  maintenance  required  coiild  be  carried  out  by  the  regional 
hea,dquarters  of  the  Department  of  Fish  and  Gaxie.  Therefore,  no  annual 

cost  \ra.s  assigned  to  the  project  for  operation  and  maintenance  of  spavming 
gravels . 

The  total  estimated  initial  cost  of  increasing  the  spavming  rua. 
in  the  30-mile  reach  of  Thomes  Creek  would  be  $2^0,000.  The  average  annual 
equivalent  cost  would  be  $11,000. 
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Preservation  of  V/ildllfe.  Department  of  Fish  and  Game  laldlife 
studies  conducted  during  the  Tehama  County  Investigation  shoved  that  devel- 
opment of  the  Paskenta  Project  would  cause  loss  of  habitat  for  many  deer 
which  use  the  reservoir  area.  Their  estima.tes  indicate  that  purchase,  con- 
trol, and  improvement  of  about  200  acres  of  lend  ■',/ithin  the  project  boundary 
3Jid  500  acres  outside  the  boundary  above  maximum  reservoir  pool  elevation 
would  be  required  to  compensate  for  the  deer  range  lost  by  inundation. 

A  detailed  description  of  the  land  and  improvements  required  is 
presented  in  Appendix  B.  Initial  development  costs  are  estimated  to  be 
$38,000.  Annual  maintenance  of  the  deer  range  and  quail  habitat  is  esti- 
mated to  be  $1,300.  Total  present  worth  value  of  midlife  preservation 
costs  would  be  about  $70,000.  The  average  annual  equivalent  costs  would 
be  $3,300. 

Recreation.  Estimates  of  the  recreation  facilities  needed  at  the 
Paskenta  Project  to  meet  the  projected  recreation  demand  were  made  to 
!   determine  if  the  site  could  be  developed  to  meet  the  demand  and  to  estimate 
costs  of  the  recreation  facilities.  Estimated  demand  would  require  instal- 
lation of  about  29  cojnp  units  and  2h  picnic  units  during  the  first  decade 
of  project  operation.  The  nwaber  of  recreation  units  required  to  meet  the 
future  demand  \m.s   estima^ted  on  the  basis  of  recreation  use  projections. 

The  cost  of  the  recreation  facilities  based  on  state  park 
e:>cperiences  is  estimated  to  be  $3^000  for  each  camp  unit  and  y2,100  for 
each  picnic  \init.  These  unit  costs  would  include  water  supply,  sanitary 
facilities,  and  interior  recreation  roads.  Costs  of  other  recreation  facil- 
ities such  as  boat  launching  areas  and  s-idraming  beaches  were  estimated 
separately. 

Costs  of  operation,  maintenance,  and  replaconent  of  the  recreation 
facilities  were  estimated  from  costs  experienced  at  similar  recreation 
areas.  This  cost  was  found  to  be  about  30^  per  visitor-day. 

Total  present  worth  cost  of  installation  of  recreation  facilities 
and  operation,  maintenance,  and  replacement  during  the  50-year  period  of 
analysis  is  $810,000.  The  average  annual  equivalent  cost  is  $37,700. 

Suimaary  of  Project  Costs.  A  svrnnary  of  estimated  project  costs 
during  the  50- year  period  of  analysis  is  presented  in  Table  ij-O.  The  capital 
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TABLE  UO 
SUI^T'IARY  OF  PASKEIWA  PROJECT  COSTS 


Project  Feature 

Prfesent  Worth 

Average 
Annual 
Equivalent 
Cost 

Operation, 
Capital     Plaint  enajice.       Total 
Cost      Replacement, 
and  General 
E:cpense 

Dam,  Reservoir,  and   $10,150,000     $^0,000     $10,630,000    $^95,000 
Appurt enanc  es 

Irrigation  Canals        820,000      170,000        990,000      J+6,000 

Access  Rights  and  Stream  240,000          0        2it-0,000      11,000 
Improvement  for  Salmon 
Spasming 

Recreation  Facilities     1^50,000*     360,000        810,000      37^700 

Preservation  of  Wildlife   If 0.000      30,000         70,000      3,300 

TOTAL             11,700,000                 12,7^0,000     593,000 

*  includes  present  worth  value  of  future  facilities, 

cost  of  the  project  is  estimated  to  be  about  $11,700,000.  Present  vorth 
of  the  total  e^qjenditures  over  the  ^O-yeex  period  is  estimated  to  be 
$12,7^0,000*  The  average  annual  eqioivalent  cost  would  be  $593,000. 

Project  AcGomplishraents  and  Benefits 

Paskenta  Project  as  proposed  herein  vrauld  provide  benefits  to 
both  the  loca.l  and  stateidde  economy.  The  accomplishments  and  benefits 
from  each  project  purpose  for  a  reservoir  ^.dth  a  storage  capacity  of 
105,000  acre-feet  are  discussed  in  this  section. 

Local  Irrigation  Supply.  The  Thomes  Creek  service  area  as  shown 
on  Plate  k   contains  about  26,000  acres  of  lajid  classified  as  irrigable. 
Of  this  area,  19,000  acres  could  be  irrigated  under  maximum  development, 
but  only  about  l6,000  acres  having  a  maximum  ira.ter  requirement  of  52,000 
o.cre-feet  per  year  irould  be  served  by  this  project. 

The  proposed  project  could  provide  a  firm  annual  jdeld  of 
63,000  o.cre-feet  at  the  reservoir  on  an  irrigation  schedule.  This  would  be 
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sufficient  to  meet  maximum  project  demands  and  allow  11,000  acre- feet  per 
year  for  loss  in  tra,nsit  to  the  service  areas. 

Benefits  from  supplying  i/ater  to  the  service  area  were  calculated 
by  the  procedure  described  at  the  beginning  of  this  chapter.  Table  7  in 
Chapter  2  shoi-ra  projected  land  use  by  decades  for  the  total  project  period. 
Table  10  shows  projected  v.-ater  requirements  over  the  project  analysis 
period.  Benefits  based  on  the  land  use  projections  vere  calculated  to  have 
a  capitalized  value  of  about  $8,550,000.  This  is  equivalent  to  an  average 
annual  benefit  of  $398^000. 

Fishery  Enhancement.  Tiie  assured  streanflow  provided  by  the 
Paskenta  Project  would  make  sufficient  gravel  available  in  Thomes  Creek 
for  an  estimated  6,500  salmon  spawners.  A  firm  -water  supply  of  about 
28,000  acre-feet  would  be  made  available  on  a  demand  schedule  developed  by 
fisheries  biologists  of  the  Department  of  Fish  and  Game.  Figure  10  shows 
the  flow  in  Thomes  Creek  during  the  spawning  ses-son  under  project  conditions, 
as  compared  to  the  median  impaired  flow  for  1922  through  19^11.  Recorded 
monthly  floi?s  for  a  typical  dry  year  are  also  sho-im. 

During  an  average  year  the  6,500  spa-'.mers  would  produce  an 
increased  commercial  catch  of  about  l6,00C  salmon  and  an  increased  sport 
catch  of  about  ^,000  salmon,  and  would  provide  6,500  adult  spaimers  to 
complete  the  spai-ming  cycle.  Benefits  from  the  increased  catch  ^.rauld  have 
a  capitalized  value  of  $1,640,000.  The  average  annual  equivalent  benefit 
would  be  about  $76,000.  The  method  used  to  corr^jute  these  benefits  '..'as 
presented  earlier  in  this  chapter.  A  detailed  description  of  the  salmon 
potential  and  possible  production  is  presented  in  Appendix  B. 

Recreation.  '7ater-associated  recrea.tion  in  the  form  of  camping, 
boating,  picnicking,  reservoir  fishing,  ajid  sv/imming  would  be  provided  at 
Paskenta  Reservoir.  VJith  adequate  facilities  provided  for  the  predicted 
demand,  it  is  estima.ted  that  there  \rauld  be  about  20,000  recreation  visitor- 
days  of  use  annually  at  the  beginning  of  project  operation.  This  niixiber 
would  increase  to  about  l80,000  visitor-days  annually  by  the  year  2020. 

Total  recreation  benefits  for  tliis  project  were  estimated  to  have 
a  capitalised  value  of  about  $2,200,000.   The  equivalent  average  sjmual 
benefit  vrould  be  about  $103,000. 
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FIGURE    10 


COMPARISON    OF  AVERAGE    MONTHLY   STREAM    FLOWS    IN    THOMES    CREEK 
BELOW   PASKENTA   DAM    DURING   THE    SALMON    SPAWNING    SEASON 


400 


I 


520 


300 


I 

Q 

2 
O 

u 
to 

-  200 

o 


< 

l- 


MEDIAN  OF  ESTIMATED  IMPAIRED  FLOWS, 
1922-1941  V 


I  00 


PROJECT  FLOW\ 


RECORDED     FLOW 
1958-59  


(TYPICAL  DRY  YEAR)S^ 


NOVEMBER 


DECEMBER 


JANUARY 


180 


Flood  Control.  Agricultural  lands  along  Thomes  Creek  and  do\m- 
strea,rn  from  the  Paskenta  damsite  suffer  flood  damage  at  frequent  intervals. 
Daraages  corae  mainly  from  inundation  of  farm  Icind  and  from  streambank 
erosion.  There  is  occasionally  some  damage  to  public  facilities  such  as 
roads  ajid  bridges. 

Since  Paskenta  Reservoir  would  be  operated  to  supply  irrigation 
and  fishery  enhancement  water  during  the  siommer  and  fall  months,  there 
would  generally  be  at  least  40,000  acre-feet  of  reservoir  storage  available 
on  Deceraber  1  to  impound  flood  -.ip.ters. 

Benefits  froia  prevention  of  local  flood  damages  vere   estimated 
by  comparing  them  ^•dth  benefits  from  Hulen  Reservoir  on  Cottonwood  Creek. 
This  benefit  at  Paskenta  Reservoir  iras   estimated  to  be  $25,000  annually. 
The  capitalized  value  of  this  amount  would  be  $540,000. 

Earlier  in  this  chapter  it  was  stated  that  an  annual  flood 
control  benefit  of  ^0<i   per  acre- foot  of  active  stora.ge  ■u'as  assigned  to 
each  tributary  reservoir  for  flood  reduction  in  the  Sacramento  Valley 
between  Red  Blviff  and  Colusa,.  This  reraote  benefit  to  Paskenta  Resei'voir 
would  total  about  .'^50^000  annually.  The  capitalized  value  of  tliis  amount 
would  be  $1,070,000. 

Total  capitalized  value  of  flood  control  benefits  would  be 
$1,610,000.  The  average  annual  equivalent  value  is  $75,000. 

Conservation  for  Export.  Since  Paskenta  Reservoir  would  store 
surplus  '.'rater  during  flood  years,  and  since  the  reservoir  would  be  operated 
to  provide  water  for  fishery  enhancement,  some  water  vdiich  would  have 
rea.ched  the  Delta  during  periods  of  spill  would  no\/  be  conserved  and  released 
during  periods  of  need  to  increase  the  yield  of  the  Sacramento- San  Joaquin 
Delta.  It  is  estimated  that  this  increased  yield  would  be  about  3^,000  acre- 
feet  annually.  The  capitalized  value  of  the  benefit  from  this  vniter   is 
about  $7,850,000,  The  average  annual  equivalent  benefit  is  $365,000. 

Summary  of  Project  Benefits.  A  summary  of  the  estimated  project 
benefits  during  the  50-year  period  of  analysis  is  presented  in  Table  kl. 
Present  worth  value  of  the  total  benefits  which  would  accrue  over  the 
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50-year  period  is   estimated  to  be  $21,850,000.     The  average  annual  eqiiiva- 
lent  benefit  v/ould  be  $1,017,000. 

TABLE  kl 

SUMT^ARY  OF  PASKENTA  PROJECT  BElffiFITS 


Project  Purpose 

Present  Worth 
of  Total 
Benefits 

Average  Annual 

Equivalent 

Benefit 

Local  Irrigation 

$8,550,000 

$  398,000 

Fishery  Enhancement 

1,6^^0,000 

76,000 

Recreation 

2,200,000 

103,000 

Flood  Control 

1,610,000 

75,000 

Conservation  of  Eicport 

7.850,000 

365,000 

Total 

21,850,000 

1,017,000 

Economic  Justification 

The  present  worth  value  of  the  project  benefits  -vTas   estimated  to 
be  $21,850,000.     The  total  capitalized  cost  of  the  project,  based  on  I963 
price  levels  and  including  the  present  worth  value  of  future  expenditures 
for  additions  and  for  operation  and  maintenance,  Avas   estimated  to  be 
$12,7^0,000.     The  resulting  benefit-cost  ratio,    I.7  to  1.0,   indicates  that 
the  project  is   economically  justified. 

Cost  Allocation 

A  preliminary  allocation  of  project  costs  was  made  to  compare  the 
cost  of  producing  local  irrigation  v/ater,  fishery  enhajicement,  and  export 
yields  of  this  project,  with  costs  of  producing  the  same  purposes  from 
other  projects.  The  resi^Lts  show  that  the  project  could  supply  52,000  acre- 
feet  of  local  yield  at  an  annual  cost  of  $287,000.  The  annual  cost  per 
acre- foot  at  canal-side  would  be  about  $5.60  or  about  $l8.40  per  acre. 

Improved  flow  in  Thomes  Creek  below  Paskenta  Dam  would  produce 
a  combined  increased  annual  salmon  commercial  and  sport  catch  of  about 
20,000  fish.  The  annual  cost  allocated  to  these  fish  is  $7^^,000,  or  about 
$4.00  per  fish  caught. 
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The  allocation  also  shows  that  the  annual  cost  of  providing  a 
new  yield  of  3^,000  acre-feet  annually  at  the  Delta  would  be  about  $138,000. 
Assuming  that  the  demand  for  additional  Delta  water  -vd-ll  not  occur  until 
1980  and  that  water  would  therefore  be  delivered  only  during  the  last  kO 
years  of  the  50-year  project  analysis  period,  the  cost  per  acre-foot  of 
vrater  delivered  iTOuld  be  about  $6.50.  Table  k2  presents  a  summary  of  the 
preliminary  cost  allocation. 

Best  Development  of  Water  Resotirces 
in  Thomes  Creek  Basin 

Studies  of  the  potential  for  siirface  water  development  in  the 
Thomes  Creek  drainage  basin  show  that  there  is  a  large  undeveloped  supply  of 
surface  vrater  available.  This  water  supply  could  best  be  developed  by  a 
reservoir  at  the  Paskenta  site.  New  water  yield  developed  wovild  satisfy  the 
irrigation  water  demand  in  the  local  area,  provide  fishery  enhancement  in 
Thomes  Creek,  and  provide  supplemental  water  supply  to  the  Sacramento- San 
Joaquin  Delta.  The  reservoir  would  also  provide  some  flood  control  and  a 
good  setting  for  water- associated  recreation  activities. 

Paskenta  Reservoir,  as  discussed  herein,  could  ultimately  become 
a  part  of  the  large  Glenn  Reservoir  Complex,  an.   authorized  feature  of  the 
State  Vfater  Project,  which  is  being  considered  as  the  reregulatory  unit 
for  future  North  Coastal  imports  from  the  Middle  Fork  Eel  River  and  from  the 
Trinity  River  syston.  In  this  huge  storage  facility,  Paskenta  Reservoir  would 
be  one  of  three  storage  units.  Water  imported  into  the  Sacramento  Basin  wotild 
flow  into  Paskenta  Reservoir  from  the  north  and  would  flow  from  the  reservoir 
via  a  channel  on  the  south  connecting  the  other  storage  units. 

If  Paskenta  Reservoir  were  constructed  before  the  Glenn  Complex, 
it  could  be  easily  integrated  into  the  systan  provided  the  water  surface 
elevation  is  greater  than  950  feet,  USGS  datum.  The  project  proposed  herein 
would  have  a  normal  water  surface  elevation  at  98?  feet.  Therefore,  the 
reservoir  could  be  included  in  the  syston  without  increasing  the  height  of 
the  dam  or  otherwise  changing  the  structiire. 

Considering  both  local  and  state-wide  interests,  it  appears  that 
the  Paskenta  Project  proposed  herein  is  economically  justified  and  if 
const2ructed  in  the  near  future  vraiild  satisfy  local  needs  for  irrigation  v/ater, 
provide  some  flood  control,  increase  salmon  populations  in  the  Sacramento 
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TABLE  42 

PRELIMIMRY  ECONOMIC  COST  ALLOCATION  FOR  THE  PASKENTA  PROJECT 
(Based  on  average  animal  eqiiivalent  values  in  dollars) 


Local 

Fishery 

Conserva- 

Irriga- 

Enhance- 

Recrea- 

Flood 

tion  for 

tion 

ment 

tion 

Control 

Export 

Total 


Benefits 


Alternative  Costs 


Total  Justifiable 


$398,000  $76,000 

410,000  250,000 


$103,000  $75,000  $365,000   $1,017,000 
1/        1/     212,000 


Costs  2/ 
Separable  Costs  3/ 
Remaining  Benefits  4/ 

398,000 
150,000 
248,000 

76,000 
25,000 
51,000 

103,000 
38,000 
65,000 

75,000 

0 

75,000 

212,000 

46,000 
166,000 

864,000 
259,000 
605,000 

Percentage  Distribu- 
tion of  Remaining 
Benefits 

41.0^ 

8.4^; 

10.8fo 

12.4fo 

27. 4f. 

100.0^ 

Total  Project  Cost 
Total  Separable  Cost 
Total  Remaining  Joint 
Costs 

593,000 
259,000 

334,000 

Al 1 ocated  Remaining 

Joint  Costs  5/ 
Separable  Costs 

137,000 
150,000 

28,000 

25 ,000 

36,000 
38,000 

41,000 
0 

92,000 

46,000 

334,000 
259,000 

Total  Allocated 
Costs 


287,000   53,000     74,000   41,000   138,000 


593,000 


1/  Assumed  to  be  in  excess  of  benefits. 

2/  The  justifiable  cost  is  the  smaller  of  the  two  values,  benefits  and  alter- 
native costs. 

3/  Separable  costs  are  the  difference  between  the  total  project  cost  and  the 
cost  with  a  given  purpose  excluded. 

4/  Remaining  benefits  represent  the  difference  between  total  justifiable  costs 
and  the  separable  costs. 

5/  Remaining  joint  costs  are  allocated  in  accordance  with  the  percentage 
distribution  of  remaining  benefits. 
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River  Basin,  and  develop  a  substantial  ne\r   -./ater  yield  to  the  Delta.  The 
Glenn  Conrplex  could  then  be  constructed  at  er.j   future  time  wdthout  signifi- 
cantly changing  the  original  project  operation  or  accomplishnents. 

Best  Tributary  Stream  Development  for  the  Upper 
Sacramento  River  Basin 

Each  of  the  major  tributary  stream  basins  in  the  Upper  Sa,cramento 
River  Basin  Investigation  area  have  been  studied,  and  proposals  for  proper 
development  of  the  individual  stream  basins  have  been  made.  The  neiit  step 
in  planning  is  to  formulate  a  -v.-ater  resoxirces  development  program  for  the 
entire  basin  using  the  proposed  projects  in  each  individiial  stream  basin. 
In  a  properly  formulated  program,  each  individual  project  included  must  be 
economica,lly  justified  rjad  must  have  been  compared  \n.th  possible  alternative 
means  of  accomplishing  the  project  purposes.  The  Kulen,  Dippingvat,  Ilill- 
ville,  and  Paskenta  Projects  have  met  these  criteria  and  therefore  can  be 
included  in  the  Upper  Sacramento  River  Ba,sin  ^./ater  resources  development 
progra-ra. 

These  four  projects,  and  the  ground  -v/ater  development  projects 
discussed  in  detail  in  the  next  chapter,  shoijJLd  be  initiated  8,s  the  nucleus 
of  the  total  \ra,ter  resources  development  for  the  Upper  Sacramento  River 
Basin.  The  program  would  conform  i/ith  the  California  Water  Plan  and  present 
plans  of  the  federal  govemment  and  local  ira,ter  development  agencies. 

Local  needs  for  agricultural  ".-rater  could  be  met  from  this  combina- 
tion of  surface  and  ground  './ater  developments.  Some  flood  protection  would 
be  provided  in  the  local  area,  and  in  the  Sacramento  Valley  bet-'./cen  Red  Bluff 
and  Colusa. 

The  proposed  development  outlined  herein  -irauld  also  help  to  fill  the 
needs  of  the  Sta,te  of  California  for  increased  sn,Lmon  populations  both  in 
the  ocean  siid.   in  the  rivers  and  streams.   It  would  develop  water-associated 
recreational  areas,  and  it  would  conserve  surplus  ira-ters  of  trie  Sacramento 
River  for  use  in  areas  of  deficiency.  Table  43  is  a  simimary  of  program 
accomplishments  which  primarily  have  statewide  benefits  but  would,  in  addition, 
benefit  the  local  area. 
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TABLE  il3 

ACCOIffLISm-IEI'ITS  OF  THE  UPPER  SACRAi'IEITTO  RIVER  BASIN  WATER 
RESOURCES  DEVELOPMEt^JT  PROGFJU-I 


Project 


Supplemental  Annual 
Annual  Increase     Visitor  Days  of    Yield  to  Sacramento- 
In  Total       Recreation  Provided  San  Joaquin  Delta  in 
Salmon  Populations  Over  50- year  Period      Acre-feet  


Hulen 

Dippingvat 

Millville 

Paskenta 

Total  for 
Prograa 


84,000 
170,000 

39,000 

26,000 

319,000 


7,100,000 
1,810,000 
1,650,000 

3.870.000 

1^1,630,000 


3^,000 
22,000 
21,000 

34.000 
111,000 


Table  kh   presents  a  summary  of  the  unit  costs,  computed  by  dividing  the 
allocated  cost  by  the  units  of  the  specific  accomplishment,  and  the  project 
benefit-cost  ratios. 

TABLE  kk 

SUl#l/iJ^Y  OF  UNIT  COSTS  OF  STATHvlDE 
PROGRAt'l  ACCOIIPLISHl-IEMTS 


Project 

Salmon  Production 
(in  dollars  per 
salmon) 

Recreation 

(in  dollars  per 

visitor  day) 

Kew  Delta 
Yield  (in  dollars 
per  acre- foot) 

Benefit- 
Cost 
Ratio 

Hulen 

1.67 

0.34 

5-30 

2.2 

Dippingvat 

1.34 

0.40 

6.30 

2.1 

Millville 

2.42 

0.55 

9.30 

lo4 

Paskenta 

3.00 

0.38 

6.50 

1.7 

Weighted  Average 
for  Program 

1.69 

0.38 

6.60 

1.9 

The  probable  sequence  of  project  development  of  Upper  Sacramento 
River  tributary  reservoirs  vould  be  (l)  Hulen,    (2)  Dippingvat,    (3)  Paskenta, 
cjad  (4)  I'lillville.     Local  interest,   local  deraezids  for  project  services,   and 
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project  finrjicinc  '/ould  also  play  pii   important  role  in  determining  the 
proper  sequence  of  development. 

Each  of  the  projects  listed  above  vrauld  have  statei/ide  benefits 
which  are  substantially  larger  than  their  allocated  costs,  and  each  would 
produce  substantial  new  yields  for  export,  while  at  the  same  time  enriching 
the  locr.l  economy.   It  may  therefore  be  in  the  best  interest  of  the  State 
of  California  to  particij)ate  in  the  development  of  these  projects. 
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CHAPTER  V.   GROUND  WATER  DEVELOPMENT 

In  addition  to  planning  for  surface  water  development  projects 
within  the  Upper  Sacramento  River  Basin  area,  the  possibility  of  supplying 
future  water  requirements  from  ground  water  was  also  considered  during 
this  investigation.  The  areas  studied  in  detail  included  the  Thomes  Creek, 
Cottonwood  Creek,  and  Cow  Creek  service  areas  described  earlier.  An 
appraisal  of  the  ground  water  development  potential  of  the  Thomes  Creek 
service  area  indicated  that  little  opportunity  exists  in  that  area  for 
development  of  sufficient  quantities  to  serve  agricultural  water  demands. 
Similar  studies  conducted  in  the  Cottonwood  and  Cow  Creek  service  areas 
indicate  that  adeqiiate  supplies  for  agricultviral  development  are  available. 

The  Cottonwood  and  Cow  Creek  service  areas  lie  wholly  within  the 
boundaries  of  the  Redding  grovmd  water  basin  which  has  previously  been 
studied  by  the  Department  as  a  part  of  the  "Shasta  County  Investigation", 
BiHletin  No.  22.  The  groiind  water  development  potential  of  the  Redding 
ground  water  basin  is  therefore  discussed  in  general  terms,  and  the 
Cottonwood  and  Cow  Creek  service  areas  are  discussed  in  detail  in  this 
chapter. 

Scope  of  Ground  Water  Investigation 

The  ground  water  investigation  consisted  of  reviewing  and  up- 
dating previous  studies  of  the  Redding  ground  water  basin,  and  collecting 
additional  water  level  measurements  and  other  well  data  specifically  per- 
taining to  the  Cottonwood  and  Cow  Creek  service  areas.  Study  was  concentrated 
in  these  areas  since  they  comprise  the  lands  which  have  the  greatest  need 
for  a  near-future  water  supply  that  cannot  readily  be  obtained  from  other 
sources. 

Redding  Ground  Water  Basin 

The  Redding  ground  water  basin  contains  most  of  the  usable  ground 
water  in  the  Upper  Sacramento  River  area.  The  boundaries  of  this  basin  were 
defined  in  Chapter  II  of  this  report. 
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Geology 

Important  fresh-water-bearing  geologic  formations  recognized  in 
the  Redding  ground  water  basin  include  alluvial  deposits  of  Recent  age, 
the  Red  Bluff  formation  of  Pleistocene  age,  and  the  Tehama  and  Tuscan 
formations  of  Upper  Pliocene  age.  The  Tehama  and  Tuscan  formations  comprise 
the  principal  water-bearing  deposits  in  the  basin.  The  thickness  of  these 
formations  varies  from  a  feather-edge  along  the  west  and  north  boundaries 
to  as  much  as  3,000  feet  along  U.  S.  Highway  99,  6  miles  south  of 
Cottonwood.  These  fresh  water-bearing  sediments  are  underlain  by  salt- 
water-bearing or  nonwater -bearing  rocks  of  the  Chico  formation  of 
Cretaceous  age. 

Ground  Water  Measvirements 

A  few  measurements  of  ground  water  levels  in  wells  were  made  by 
the  Bureau  of  Reclamation  in  I9U7  and  l^kS.      From  I955  through  I958,  the 
Department  of  Water  Resources  conducted  a  comprehensive  investigation  of 
the  water  resources  of  Shasta  County.   During  this  investigation  an  ex- 
tensive program  of  well  measuring  was  made  in  the  Redding  ground  water 
basin.  From  1958  through  I963,  periodic  measurements  at  representative 
wells  have  continued.  Hydrographs  of  several  of  these  wells  in  the 
Cottonwood  and  Cow  Creek  service  areas  are  shown  on  Plate  ik,    "Ground 
Water  Development  Potential  in  the  Cottonwood  and  Cow  Creek  Service  Areas". 
In  spite  of  substantially  increased  use  of  ground  water  since  1956,  there 
has  been  no  significeuit  lowering  of  the  water  table,  thus  pointing  out 
that  the  groTxnd  water  reservoir  is  not  presently  being  overdrawn  in  either 
of  these  areas. 

Potentieil  for  Development 

Most  of  the  lands  within  the  ground  water  basin  have  a  mediiom  to 
high  potential  for  ground  water  development.   Present  data  indicate  that 
properly  constructed  and  developed  wells  sho\ild  yield  sufficient  quantities 
of  ground  water  for  agricxoltural  and  domestic  purposes  almost  anywhere  in 
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the  Cottonwood  and  Cow  Creek  service  areas.   However,  since  the  Tehama 
and  Tuscan  formations,  from  which  most  of  the  pumped  water  is  produced, 
are  only  moderately  penneable,  fairly  deep  wells  and  pump  lifts  of  up 
to  160  feet  are  often  required  to  produce  irrigation  yields. 

The  potential  for  ground  water  development  in  the  Cottonwood 
ajid  Cow  Creek  service  areas  is  shown  on  Plate  ik. 

Storage  Capacity 

Ground  water  storage  capacity  is  computed  as  the  product  of  the 
specific  yield  and  the  total  volume  of  material  in  the  depth  zone  con- 
sidered.  Specific  yield  refers  to  the  ratio  of  the  volume  of  water  that 
a  unit  of  saturated  soil  will  yield  by  gravity  to  the  total  volume,  and 
is  expressed  as  a  percentage.   Specific  yield  is  determined  by  the 
physicaJ.  characteristics  of  the  materials  found  in  the  basin.  The  following 
tabulation,  taken  from  estimates  published  in  State  Water  Resources  Board 
Bxilletin  No.  1,  lists  specific  yield  percentages  for  various  classifications 
of  materials  foxind  in  the  Redding  ground  water  basin. 

SPECIFIC  YIELDS 


Specific  Yield, 

Type  of  Materials 

in 

Percent 

Gravel 

25 

Sand,  including  sand  and  gravel 

20 

Fine  sand,  tight  sand,  sandstone,  and 

related  deposits 

10 

Clay  and  gravel,  cemented  gravel  emd 

related  deposits 

5 

Clay,  silt,  sandy  clay,  and  related  fine- 

grained dejxjsits 

3 

In  order  to  indicate  the  magnitude  of  ground  water  in  storage,  an  estimate 
was  made  of  the  storage  capacity  directly  beneath  the  proposed  service 
areas.  The  storage  capacity  was  computed  by  utilizing  existing  well  logs 
and  the  above  specific  yield  values  to  develop  a  composite  specific  yield 
for  each  depth  interval  between  0  and  300  feet.  This  value  was  then 
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multiplied  by  the  total  volvnne  of  material  in  each  depth  zone.  A  summation 
of  these  storage  capacities  represents  the  total  capacity  within  each  area 
being  considered.   Storage  capacities  for  the  various  service  areas  are 
listed  in  the  following  sections  of  the  report. 

Recharge 

The  Redding  ground  water  basin  is  recharged  primarily  from  precipi- 
tation which  percolates  into  the  underlying  strata.  Most  of  the  recharge 
enters  at  the  higher  elevations  and  gradually  moves  through  the  underground 
formations  into  the  ground  water  reservoir  in  the  valley.   Some  water  also 
enters  the  valley  ground  water  reservoir  from  surface  streams  flowing 
through  the  area.   Irrigated  lands  also  contribute  by  deep  percolation  of 
applied  water  to  the  ground  water  basin.  Total  recharge  to  the  basin  has 
been,  and  appears  to  continue  to  be,  more  than  adequate  to  supply  the  water 
required  to  replenish  the  amoionts  of  ground  water  being  extracted.  Only  a 
small  seasonal  variation  in  ground  water  levels  has  been  observed,  and 
accretions  to  the  Sacramento  River  are  known  to  occur  from  ground  water. 

Increases  in  use  of  ground  water  in  the  basin  would  induce 
additional  subsurface  inflow  to  these  areas.  As  the  water  levels  are  lowered 
by  increased  use,  a  steeper  hydraulic  gradient  will  be  created.  This  will 
tend  to  cause  additional  water  to  flow  into  the  ground  water  basin.  Lowering 
of  ground  water  levels  by  increased  pumping  would  also  reduce  the  amount  of 
ground  water  accretions  to  the  Sacramento  River  and  thus  further  increase 
the  available  ground  water  supply.   Deep  percolation  of  future  imports  of 
water  from  the  Trinity  River  used  in  the  Happy  Valley  and  Bella  Vista 
Water  Districts  will  provide  additional  recharge  to  the  ground  water  basin. 

It  is  estimated  that  ground  water  replenishment  from  the  above 
natural  and  irrigation  sources  will  be  sufficient  to  support  the  ultimate 
irrigation  requirements  for  the  Cow  Creek  and  Cottonwood  service  areas 
without  causing  excessive  lowering  of  ground  water  elevations. 

Cottonwood  Service  Area 
The  Cottonwood  service  area  and  its  three  subareas.  Gas  Point, 
Evergreen,  and  Bowman  Road,  have  been  previously  described  in  Chapter  II 
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and  are  shown  on  Plate  3.   Because  of  its  relatively  small  areal  extent 
the  Cottonwood  service  area  is  discussed  herein  as  a  single  unit.  However, 
tables  showing  yields  of  wells  and  ground  water  storage  capacity  present 
a  breakdown  by  subareas. 

The  area  underlying  the  Cottonwood  service  area  is  composed  of 
Continental  and  Marine  sediments  which  range  in  age  from  Recent  to  Cretaceous. 
Marine  sediments  of  the  Chico  formation  bound  the  ground  water  basin  on  the 
west,  dip  steeply  to  the  east,  and  comprise  the  base  of  the  ground  water 
reservoir  throughout  the  area.  These  sediments  consist  of  a  thick  succes- 
sion of  sandstones  and  shales  which  are  either  impervious,  or  contain 
saline  waters  of  unusable  quality.  The  Continental  sediments  comprise 
thr  ground  water  reservoir  ajid  consist  of  a  heterogeneous  mass  of  clays, 
silts,  sands,  gravels,  or  mixtures.  The  units  of  Continental  sediments 
include  stream  channel  and  associated  terrace  deposits,  and  the  Red  Bluff 
and  Tehama  formations. 

Ground  water  beneath  the  Cottonwood  service  area  is  either  un- 
confined  or  seraiconfined.  Most  domestic  wells  obtain  water  from  unconfined 
zones  in  either  the  alluvium  or  terrace  deposits,  or  the  upper  strata  of 
the  Tehama  formation,  while  irrigation  wells  usually  tap  the  deeper  zones 
of  the  Tehama  formation.  Although  some  wells  in  the  Cottonwood  service 
area  show  semiconfined  characteristics,  the  ground  water  reservoir  is 
generally  considered  to  be  unconfined  within  the  depth  zones  studied.   There- 
fore, fluctuations  in  water  levels  are  considered  to  be  representative  of 
changes  in  ground  water  storage. 

Infiltration  of  precipitation  provides  the  major  source  of  recharge 
to  the  Cottonwood  service  area.   Consequently,  ground  water  levels  are  almost 
always  highest  in  the  spring  after  the  winter  rains  and  lowest  in  the  fall 
after  the  pumping  season. 

The  average  amount  of  precipitation  available  for  recharge  was 
estimated  by  subtracting  the  estimated  evapotranspiration  of  native  vege- 
tation and  the  surface  runoff  from  the  total  amount  of  precipitation.  The 
total  recharge  from  this  source  was  estimated  to  be  on  the  order  of  50,000 
to  150,000  acre-feet  annually. 


-193- 


Streamflow  percolation  in  the  upper  reaches  also  provides  a  source 
of  recharge.  However,  lack  of  data  precludes  an  estimate  of  recharge  from 
this  source. 

Only  minor  seasonal  or  long-term  changes  in  ground  water  levels 
have  been  noted  in  the  Cottonwood  service  area.  Consequently,  it  can  be 
concluded  that  the  summation  of  inflows  to  the  ground  water  reservoir  and 
outflows  are  approximately  equal.  Therefore,  as  more  ground  water  is 
utilized  within  the  service  area,  more  subsurface  inflow  will  be  induced 
or  subsurface  outflow  will  be  reduced. 

Data  on  the  depth,  yield,  and  specific  capacity  of  wells  in  the 
Cottonwood  service  area  are  presented  in  Table  45.  Most  of  these  data  were 
obtained  from  pump  efficiency  tests  made  by  the  Pacific  Gas  and  Electric 
Company. 

Waters  contained  in  the  ground  water  reservoir  which  underlies 
the  Cottonwood  service  area  are  of  good  to  excellent  quality.  These  waters 
are  generally  of  the  calcium-magnesium  bicarbonate  type  and  are  well  suited 
for  most  beneficial  uses.  There  appears  to  be  little  difference  in  quality 
between  the  shallow  and  deeper  ground  water  bodies.  However,  the  Chico 
formation  which  underlies  the  ground  water  reservoir  contains  saline  waters 
unfit  for  any  beneficial  purpose.  Thus,  caution  must  be  exercised  that 
wells  drilled  near  the  western  border  of  the  service  area  should  not 
penetrate  these  sediments.   No  known  wells  are  currently  subject  to  this 
hazard. 

Most  of  the  Cottonwood  sei*vice  area  is  underlain  by  several 
hundred  feet  of  water-bearing  materials.  Even  though  these  materials  are 
mostly  fine  grained  and  have  relatively  low  specific  yields,  the  large 
volume  of  materials  provides  considerable  storage  capacity.  Available  well 
logs  provided  sufficient  information  to  allow  a  determination  of  the  average 
specific  yield  of  each  increment  of  depth  between  0  and  300  feet  below  the 
ground  surface.   Ground  water  storage  capacity  was  then  computed  for  each 
depth  interval  by  multiplying  the  average  specific  yield  by  the  interval 
in  feet  and  the  areal  extent  in  acres. 
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The  storage  capacity  of  the  first  300  feet  underlying  the 
Cottonwood  service  area  is  summarized  by  subareas  in  Table  46. 

Cow  Creek  Service  Area 
The  Cow  Creek  service  area  and  its  three  subareas,  Stillwater 
Plains,  Cow  Creek  Bottoms,  and  MiUville  Plains,  has  previously  been 
described  in  Chapter  II  and  is  shown  on  Plate  3-  A  detailed  discussion 
of  this  service  area  is  presented  below  by  subareas. 

Stillwater  Plains  Subarea 

Ground  water  in  the  Stillwater  Plains  subarea  is  stored  in  uncon- 
fined  and  semiconfined  aquifers  of  the  Tehama  and  Tuscan  formations.  These 
two  formations  grade  into  each  other  in  a  broad  transitional  zone  along 
the  north-south  axis  of  the  basin. 

Most  ground  water  development  has  occurred  south  of  the  Redding 
Municipal  Airport.   However,  good  irrigation  wells  have  been  drilled  to 
the  north,  and  the  Enterprise  Public  Utility  District  recently  completed 
an  excellent  municipal  well  in  the  northwest  portion  of  the  Stillwater 
Plains  subarea. 

Wells  in  this  subarea  produce  up  to  1,600  gallons  per  minute  and 
often  yield  over  100  gallons  per  minute  per  foot  of  drawdown.   The  major 
water-producing  zones  consist  of  coarse  gravels  and  interbedded  clay  layers 
which  make  up  the  upper  and  intermediate  zones  of  the  Tehama  and  Tuscan 
formations.  These  zones  approach  a  combined  thickness  of  600  feet.   Depths 
to  water  in  irrigation  wells  range  from  about  70  feet  along  the  southern 
boundary  to  over  100  feet  in  the  north.  Annual  fluctuations  throughout 
the  area  average  about  3  feet.   In  general,  irrigation  wells  in  the  southern 
portion  have  higher  yields  than  those  in  the  north. 

Recharge  to  the  ground  water  reservoir  which  underlies  Stillwater 
Plains  comes  from  infiltration  of  rainfall,  deep  percolation  of  stream  and 
applied  water  on  the  plains,  and  subsurface  inflow  from  the  adjacent 
Anderson  Cottonwood  Irrigation  District  on  the  west,  the  dissected  uplands 
on  the  north,  and  the  Cow  Creek  Bottoms  to  the  east. 

Total  recharge  from  these  sources  is  greater  than  the  estimated 
present  and  future  pumping  requirements.  Consequently,  subsurface  outflow, 
which  presently  occurs  along  the  southern  boundary  of  the  area,  will 

continue  under  future  conditions. 
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Gov  Creek  Bottoms  Subarea 

Ground  water  in  the  Cow  Creek  Bottoms  subarea  is  stored  in  the 
gravels  and  sands  of  the  Tuscan  and  interfingering  Tehama  formations. 
Alluvial  deposits  located  near  the  ground  surface  are  unimportant  as  a 
source  of  ground  water  as  they  are  generally  above  the  ground  water  table. 

Wells  in  the  Cow  Creek  Bottoms  subarea  derive  their  water  from 
the  moderately  to  highly  permeable  volcanic  gravels  of  the  Tehama-Tuscan 
formations  similar  to  those  found  under  the  Stillwater  Plains. 

Present  ground  water  development  is  fairly  well  distributed 
throughout  the  subarea.  About  20  irrigation  wells  are  located  within  or 
adjacent  to  the  area,  and  at  least  12  of  these  were  active  during  the  I962 
and  1963  seasons.  Gross  ground  water  pumpage  probable  does  not  exceed 
1,000  acre-feet  annually,  since  many  of  the  wells  are  used  only  to  supple- 
ment surface  supplies  during  periods  of  inadequate  streamflow. 

Irrigation  wells  range  from  I30  to  250  feet  in  depth  and  average 
about  200  feet.  These  wells  yield  up  to  1,000  gallons  per  minute  and 
average  about  550  gallons  per  minute.   Domestic  wells  in  the  area  average 
less  than  100  feet  in  depth. 

Pump  efficiency  tests  show  specific  capacities  ranging  from  3  to 
102  gallons  per  minute  per  foot  of  drawdown,  but  the  average  is  around  30. 
Adjacent  wells  often  have  a  wide  range  of  specific  capacities.  This  is 
believed  to  be  due  primarily  to  irregular  distribution  of  the  gravel  deposits 
throughout  the  ground  water  reservoir,  although  some  differences  are  also 
due  to  differences  in  depth,  diameter,  well  construction  methods,  location 
of  perforations,  and  degree  of  sanding  or  caving  of  the  wells. 

Depth  to  ground  water  in  irrigation  wells  ranges  from  9  feet 
near  Oak  Run  Creek  to  49  feet  at  the  western  boundary  just  south  of  Highway  kh. 
South  of  Palo  Cedro,  along  Cow  Creek,  the  depths  average  about  20  feet. 
Annual  fluctuations  average  less  than  3  feet.  An  analysis  was  made  of 
ground  water  levels  in  irrigation  wells  for  the  period  1955  to  I962. 
Individual  seasons  show  a  rise  or  lowering  due  to  the  variation  in  the 
amount  of  available  recharge,  but  there  has  been  no  significant  change 
during  this  time  interval. 
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The  ground  water  reservoir  which  underlies  Cow  Creek  Bottoms  is 
recharged  by  subsurface  inflow  from  the  north  and  east,  by  infiltration  of 
rainfall,  and  by  deep  percolation  of  applied  surface  water  on  the  northern 
and  western  portions  of  the  subarea.   Subsurface  inflow  from  the  Millville 
Plains  and/or  upward  leakage  from  partially  confined  Tuscan  aquifers  appears 
probable.  Unused  ground  water  is  discharged  as  influent  seepage  to  Cow 
Creek  and  probably  to  the  Sacramento  River. 

Millville  Plains  Subarea 

Information  regarding  the  ground  water  reservoir  which  underlies 
the  Millville  Plains  subarea  is  limited  to  an  irrigation  well  log  and 
depth-to-water  measurements  on  only  one  well. 

Ground  water  beneath  the  Millville  Plains  is  believed  to  be 
stored  in  Tuscan  deposits  comparable  in  occurrence  and  yield  characteristics 
to  those  under  the  adjacent  Cow  Creek  Bottoms  to  the  west.   These  deposits 
may  be  coarser  and  contain  better  aquifers  than  those  of  the  Tuscan 
formation.   Recharge  is  from  upland  sources  to  the  east  as  well  as 
infiltration  of  rainfall  on  the  plains. 

The  only  well  for  which  pumping  data  are  available,  30N/3W-4M1, 
is  l6k   feet  deep,  and  yields  ^0  gallons  per  minute.   However,  it  is  believed 
that  properly  constructed  deeper  wells  will  have  characteristics  approach- 
ing those  found  in  the  southern  parts  of  the  Stillwater  Plains  and  Cow 
Creek  Bottoms  subareas. 

Existing  Irrigation  Wells 

Irrigation  wells  located  within  the  Cow  Creek  service  area 
generally  range  in  depth  between  100  and  500  feet.   Data  on  the  depth, 
yield,  and  specific  capacity  of  wells  in  the  Cow  Creek  service  area  are 
presented  in  Table  47.  Most  of  these  data  were  obtained  from  pump  efficiency 
tests  made  by  the  Pacific  Gas  and  Electric  Company. 
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TABLE  47 

IRRIGATION  WELL  DATA 
COW  CREEK  SERVICE  AREA 


Sub  are  as 


Number 

of 
Active 
Wells 


Depth,  in  Feet 


Max.  Min.  Ave. 


Yield,  in 
Gallons  per  Minute 


Max.  Min.  Ave. 


Specific  Capacity 
gpm/ft.  of 
Drawdown 


Max. 


Min. 


Stillwater 
Plains    17 

Cow  Creek 
Bottoms   13 

Millville 

Plains     2^^) 


510  200  320  1,600  200  1,000    130       6 
240  130  180  1,070   35    550    100       1 


(a)  Data  is  available  for  only  one  well.  Its  depth  is  l6k   feet,  yields 
ko   gallons  per  minute  and  has  a  specific  capacity  of  5  gallons  per 
minute  per  foot  of  drawdown. 


Storage  Capacity 

Most  of  the  Cow  Creek  service  area  is  underlain  by  several 
hundred  feet  of  water-bearing  materials.  The  amount  of  ground  water  in 
storage  within  these  materials  is  estimated  as  the  product  of  average 
specific  yield,  the  area  in  acres,  and  an  average  saturated  depth  in- 
terval. The  average  saturated  depth  intervals  for  the  Cow  Creek  Bottoms 
and  Millville  Plains  subareas  are  taken  as  the  average  depth  of 
irrigation  wells  minus  the  unsaturated  interval  above  the  water  table. 
However,  for  the  Stillwater  Plains,  ground  water  storage  is  estimated 
for  the  upper  water-bearing  zone  only,  the  base  of  which  is  defined  by 
a  volcanic  mudflow.   Estimated  specific  yield  and  estimated  storage 
capacity  for  the  three  subareas  of  the  Cow  Creek  service  area  are  shown 
in  Table  kQ. 
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TABLE  U8 

ESTIMATED  AVERAGE  SPECIFIC  YIELD  AND 
GROUND  WATER  STORAGE  CAPACITY, 
COW  CREEK  SERVICE  AREA 


Subarea 

Stillvater 
Plains 

Cow  Creek 
Bottoms 

Millville 
Plains 

Acres 

li^,500 

8,700 

6,700 

Thickness  of  saturated 
sediments,  in  feet 

280 

150 

8i+ 

Composite  specific  yield, 
in  percent 

10 

5.8 

5.0 

Storage  capacity, 
in  acre -feet 

U00,000 

75,000 

28,000 

Cost  of  Producing  Ground  Water 
Cost  estimates  were  made  to  determine  the  totsil  cost  of  pumping 
ground  water  for  numerous  installations  of  varying  cajjacities  and  pumping 
lifts.  Well  construction  costs,  pump  costs,  replacements,  operation  costs, 
and  all  miscellaneous  costs  were  included.  Total  costs  were  estimated  to 
range  from  3  dollars  per  acre-foot  for  50  feet  of  pumping  depth,  to 
10  dollars  per  acre-foot  for  300  feet  of  pumping  depth.  Average  long-term 
costs  are  not  expected  to  exceed  6  dollars  per  acre-foot. 
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CHAPTER  VI.   CONCLUSIONS  AND   RECOMMENDATIONS 

The  Upper  Sacramento  River  Basin  has  a  bountiful  supply  of  v/ater 
which,  if  properly  developed,  could  meet  the  ultimate  water  needs  of  the 
Upper  Sacramento  Pdver  Basin.  Plans  for  water  control  and  development  in 
this  basin  have  been  pursued  on  an  intermittent  basis  since  the  turn  of 
the  century.  Throughout  this  period  these  plans  have  changed  in  accordaxice 
with  technological  developments  and  the  needs  of  the  population.  The  con- 
clusions reached  as  the  result  of  this  intensive  study  show  that  emphasis 
should  be  placed  on  development  of  tributary  streams  in  the  Upper  Sacramento 
River  Basin  rather  than  the  main  stream  of  the  river. 

The  present  economy  of  the  area  is  based  primarily  on  the 
lumbering  and  forests  products  industry,  agriculture,  and  recreation. 
It  is  generally  agreed  that  continued  gro\^^th  of  the  economy  i,all  depend 
largely  on  expansion  of  recreation,  including  fishing,  hunting,  ajid 
tourism,  and  on  increased  agricultural  production.  Orderly  development 
of  the  ^^ra.ter  resources  of  the  area  will  assure  this  local  expansion  and, 
at  the  same  tine,  provide  statewide  benefits  in  the  form  of  additional 
water-associated  recreation  areas,  flood  protection  in  the  Sacramento 
Valley,  enhancement  of  the  salmon  runs  in  the  Sacramento  River,  and  conser- 
vation of  vra.ter  for  export  to  areas  of  need. 

Although  small  water  conservation  and  flood  protection  projects 
have  been  undertaken  by  local  agencies  and  individuals  for  many  years, 
construction  of  Shasta  Dam  by  the  U.  S.  Bureau  of  Reclamation  in  the  19^0' s 
brotight  the  first  large  i-rater   conservation  reservoir  to  the  Upper  Sacramento 
River  stream  system.  This  reservoir,  along  with  several  smaller  ones  on 
the  larger  rivers  and  tributaries,  has  done  much  to  bring  the  Sacramento 
River  under  control.  However,  irrigable  lands  within  the  Upper  Sacramento 
River  Basin  remain  vd.thout  enough  water,  and  flooding  continues  to  occur 
thro\jghout  much  of  the  Sacramento  Valley. 

The  Upper  Sacramento  River  Basin,  vdth  an  average  annual  runoff 
of  more  than  2  million  acre-feet,  has  an  available  water  supply  that  is 
second  only  to  the  North  Coastal  area.  Consequently,  a  major  objective  of 
this  investigation  was  to  develop  plans  for  the  orderly  control  and 
utilization  of  this  water. 


•201- 


Three  distinct  water  development  possibilities  are  considered  and 
evaluated  in  this  report.  These  are: 

1.  A  large  reservoir  on  the  Sacramento  River  at  the 
Iron  Canyon,  or  alternative,  site. 

2.  A  series  of  tributary  reservoirs  on  Cottonwood,  Cow, 
and  Thomes  Creeks. 

3.  Development  of  the  extensive  groimd  water  reservoir 
which  underlies  much  of  the  investigational  area. 

Detailed  discussion  of  Iron  Canyon  Reservoir  is  contained  in 
Chapter  III;  tributary  reservoir  development  projects  are  presented  in 
Chapter  IV;  and  ground  water  development  possibilities  are  presented  in 
Chapter  V. 

Conclusions 
Iron  Canyon  Project 

Due  to  the  need  for  flood  protection  in  the  lower  Sacramento 
Valley,  the  ever  increasing  demands  for  electrical  power  production,  and 
the  demand  for  additional  water  supplier  studies  of  an  Iron  Canyon  Project 
or  alternatives  have  been  made  periodically  over  the  past  60  years. 
Throughout  this  period  three  major  problems  have  stood  in  the  \ra.y   of  its 
construction.  These  are:   (l)  opposition  by  Tehama  and  Shasta  CoTonty 
landowners  to  inundation  of  valuable  agricultural  lands,  subiorban  homes, 
and  iirban  areas  within  the  reservoir  area;  (2)  questionable  engineering 
feasibility  of  constructing  a  large  dam  at  any  of  the  several  available 
damsites  because  of  poor  foundation  conditions;  and  (3)  concern  that  a  dam 
at  the  Iron  Canyon  or  alternative  site  woxild  adversely  affect  the  extensive 
salmon  and  steelhead  runs  of  the  Sacramento  River. 

The  Iron  Canyon  Project  presented  in  this  report  would  consist 
of  the  following  general  features:  Iron  Caxiyon  Dam,  Reservoir,  and  Power- 
plant;  Iron  Canyon  Afterbay  Dam  and  Reservoir;  fish  hatchery  facilities 
below  the  afterbay  dam;  and  fish  conveyance  and  passage  facilities  from  the 
afterbay  dam  to  Iron  Canyon  Reservoir.  This  project  was  formulated  in  an 
attempt  to  resolve  the  above  problems  insofar  as  possible.  As  the  resTilt 
of  several  years  of  studies,  the  follo^^d.ng  conclaisions  are  made  regarding 
the  Iron  Canyon  Project: 

1.  The  normal  \ra,ter  surface  elevation  of  Iron  Canyon  Reservoir 
should  not  exceed  an  elevation  of  401  feet  to  avoid 
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inundation  of  urban  lainds  in  the  vicinity  of  Anderson 
and  Cottonwood.  At  this  elevation,  the  reservoir  storage 
capacity  v;ouJ.d  be  1  million  acre-feet. 

2.  The  Iron  Canyon  Project  would:  provide  a  tneasure  of  flood 
protection  to  more  than  100,000  acres  of  lands  along  the 
east  side  of  the  Sacramento  River  between  Red  Bliiff  and 
Colusa;  produce  153,000  kilowatts  of  dependable  hydro- 
electric power  capacity;  produce  an  average  water- associated 
recreational  use  of  about  1  million  visitor-days  anniially; 
and  develop  about  130,000  acre-feet  of  new  yield  available 
for  export  from  the  Sacramento- San  Joaquin  River  Delta. 

3.  Because  of  adverse  foiindation  conditions,  extensive 
geologic  explorations  were  made  to  determine  whether  a 
safe  dam  could  be  biiilt.  A  board  of  consultants,  hired 
to  assist  in  evaluation  of  the  study,  concluded  that 

a  safe  dam  could  be  properly  designed  and  constructed. 
Consequently,  the  design  established  after  review  by  the 
board  iv'as  used  in  formulating  the  Iron  Canyon  Project. 
h.     Fish  passage  facilities  capable  of  handling  50  percent 
of  the  maxim\im  adiilt  upstream  migrating  salmon  and  steel- 
head  runs  woTold  provide  access  to  available  spasming 
gravels  above  the  reservoir.  Facilities  for  safe  passage 
of  downstream  migrating  juvenile  salmon  and  steelhead 
could  be  designed,  provided  these  fish  wotild  collect  at 
the  dam  so  that  they  could  be  removed  from  the  reservoir. 

5.  There  may  be  a  strong  tendency  of  young  fish  spawned  in 
the  river  above  Iron  Canyon  Reservoir  to  become  "residual" 
in  the  reservoir,  rather  than  to  go  to  the  ocean.  This 
conclusion  was  reached  as  the  result  of  a  do\mstream  migrant 
study  conducted  by  the  Department  of  Fish  and  Game  at 
Shasta  Reservoir. 

6.  Spawning  gravels  inundated  by  Iron  Canyon  Reservoir  co\ild 
be  fully  mitigated  by  a  fish  hatchery  capable  of  handling 
about  50  percent  of  the  maximum  fall  salmon  run. 

7.  Increased  \ra.ter  tempera tiires  below  the  Iron  Canyon  Project 
would  pose  a  serious  problem  to  the  salmon  and  steelhead 
runs  of  the  Sacramento  River.  However,  the  dam  and  power- 
plant  probably  could  be  designed  to  allow  the  release  of 
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v/ater  from  a  lower  level  and  reduce  or  eliminate  the 
temperatiire  problems.  A  final  determination  cotild  be 
reached  only  by  making  a  new  temperature  study.  These 
conclusions  v/ere  reached  as  the  result  of  crater  tempera- 
ture prediction  studies  made  by  a  consulting  engineer. 
8.  The  Iron  Canyon  Project  is  not  economically  justified 
at  the  present  time  because  of:  (l)  the  high  costs  of 
the  dam,  spillvay,  and  diversion  tvinnel;  (2)  the 
tremendous  costs  of  land  acquisition  sjid  road  and  utility 
relocations;  and  (3)  the  extensive  fish  hatchery  and  fish 
passage  facilities  needed  to  protect  the  salmon  and  steel- 
head  resources  of  the  Sacramento  River.  The  ratio  of 
project  benefits  to  project  costs  is  0.73  to  1. 

Tributary  Stream  Development 

Development  of  ■v/ater  storage  and  conservation  facilities  on 
tributary  streams  \7a.s   considered  in  planning  for  full  utilization  of  the 
water  resources  of  the  Upper  Sacramento  River  Basin.  Both  the  immediate 
project  area  and  the  State  as  a  whole  would  benefit  from  reservoir  projects 
on  the  tributary  streams.  Direct  benefits  within  the  project  area  would 
be  derived  by  increasing  irrigation  crater  supplies  and  by  reduced  flood 
damages.  Recreation  development  ajid  enhancement  of  the  fishery  would  draw 
people  and  money  into  the  project  area,  thereby  providing  large  local 
secondary  benefits  that  are  not  evaluated  in  the  project  analyses.  Trib- 
utary reservoir  projects  would  also  contribute  primary  statev/ide  benefits 
in  the  form  of  recreation,  fishery  enhancement,  flood  control,  and  increased 
crater  yield  at  the  Sacramento- San  Joaquin  Delta. 

Preliminary  planning  studies  showed  that  no  additional  reservoir 
storage  or  diversion  projects  in  the  Battle,  Paynes,  or  Clear  Creek  Basins 
are  economically  justified  under  present  economic  conditions.  However, 
similar  studies  showed  that  four  reservoir  storage  projects  in  the  Cotton- 
wood Creek  Basin,  two  in  the  Cov;  Creek  Basin,  and  one  in  the  Thoraes  Creek 
Basins  v/arrant  detailed  economic  studies. 
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As  a  result  of  these  intensive  studies  on  these  streams,  the 
folloving  conclusions  are  made: 

1.  The  Hulen  Project  on  North  Fork  Cottonwood  Creek,  with  a 
reservoir  storage  of  136,000  acre-feet,  wovild  anniially  provide 
a  firm  yield  of  20,000  acre- feet  for  local  irrigation  in  the 
Gas  Point  Road  subservice  area,  an  increased  statewide  salmon 
catch  of  about  63,000  fish,  environment  for  270,000  visitor  days 
of  recreation  use  by  year  2020,  flood  control  benefits  of  about 
$85,000,  and  an  increase  in  the  Delta  yield  of  about  3^,000 
acre- feet.  The  project  is  economically  justified  and  has  a 
benefit-cost  ratio  of  2.2  to  1.0. 

2.  An  alternative  Hulen  Project  v/ith  a  reservoir  storage  of  132,000 
acre-feet,  but  -vdiich  does  not  include  the  purpose  of  local  irri- 
gation, is  also  economically  justified,  and  has  a  benefit-cost 
ratio  of  2.1  to  1.0. 

3.  The  Dippingvat  Project  on  South  Fork  Cottonwood  Creek,  v/ith  a 
reservoir  storage  of  71,000  acre- feet,  would  annxially  provide 
an  increased  statewide  salmon  catch  of  about  127,000  fish, 
environment  for  70,000  recreation  visitor  days  by  year  2020, 
flood  control  benefits  of  about  $53,000,  and  an  increase  in  the 
Delta  yield  of  about  22,000  acre-feet.  The  project  is  econom- 
ically justified  and  has  a  benefit-cost  ratio  of  2.1  to  1.0. 

k.     The  Fiddlers  Project  on  the  Middle  Fork  Cottonwood  Creek,  and 
the  Rosewood  Project  on  Dry  Fork  Cottonwood  Creek,  are  not 
economically  justified  under  present  economic  conditions. 

5.  The  Millville  Project  on  South  Cow  Creek,  with  a  reservoir 
storage  of  74,000  acre-feet,  would  annually  provide  an  increase 
in  the  statewide  salmon  catch  of  about  29,000  fish,  environment 
for  70,000  recreation  visitor-days  by  year  2020,  flood  control 
benefits  of  about  $35*000,  and  an  increase  in  the  Delta  yield 
of  about  21,000  acre-feet.  The  project  is  economically 
jvistified  and  has  a  benefit-cost  ratio  of  l.k   to  1.0. 

6,  The  Bella  Vista  Project  on  Little  Cow  Creek  is  not  economically 
justified  xxnder  present  economic  conditions. 
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7.  The  Paskenta  Project  on  Thomes  Creek,  ■vdth  a  reservoir  storage 
of  105,000  acre-feet,  woxild  annually  provide  a  firm  yield  of 
52,000  acre-feet  for  local  irrigation,  an  increase  in  the 
statewide  salmon  catch  of  about  20,000  fish,  environment  for 
180,000  recreation  visitor  days  by  year  2020,  flood  control 
benefits  of  about  $75,000,  and  an  increase  in  the  Delta  yield 
of  about  34,000  acre-feet.  The  project  is  economically  justi- 
fied and  the  benefit-cost  ratio  is  I.7  to  1.0. 

8.  Paskenta  Project  coxild  be  easily  incorporated  into  the  Glen 
Reservoir  Complex,  lAich  is  being  considered  as  a  storage 
and  regulatory  unit  for  future  North  Coastal  projects. 

Groimd  Water  Development 

The  Redding  groiind  I'ra.ter  basin  which  lies  under  both  the  Cotton- 
wood and  Cow  Creek  Service  Areas  has  mediim  to  high  potential  for  ground 
\/ater  development.  The  following  conclusions  are  based  on  grotind  water 
studies  conducted  in  these  service  areas. 

1.  In  the  Cottonwood  Creek  Service  Area,  the  Gas  Point  Road  subarea 
could  be  adequately  and  economically  served  by  pumping  from  ground 
water  or  from  surface  \ra,ter  storage  in  Hiolen  Reservoir.  An 
adequate  groiond  water  supply  is  available  to  satisfy  the  demand 
for  agricultural  •^^ra,ter  in  both  the  Boimian  Road  and  Evergreen 
Road  subareas. 

2.  An  adequate  ground  vrater  supply  could  be  developed  to  meet  the 
agricultural  water  demands  in  the  Cow  Creek  Service  Area. 

Total  Basin  Development 

Proper  initial  development  of  the  -".rater  resources  of  the  Upper 
Sacramento  River  Basin  could  best  be  accomplished  by  construction  of  Hulen 
and  Dippingvat  Projects  on  Cottonwood  Creek,  Millville  Project  on  Cow 
Creek,  Paskenta  Project  on  Thomes  Creek,  and  by  grotuad  water  development  in 
the  Cottonwood  and  Cow  Creek  Service  Areas. 

These  projects  appear  to  provide  an  excellent  opportunity  for  the 
State  and  the  local  agencies  to  participate  jointly  in  the  coordinated 
development  of  the  basin.  They  are  also  generally  compatible  with  future 
state  and  federal  plans  to  import  water  into  the  Sacramento  River  Basin. 
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R  ec  ommendati  ons 

It  is  recommended  that: 

1.  This  bulletin  be  used  as  an  overall  gxiide  in  the  development  of  the 
water  resources  of  Shasta  and  Tehama  Counties,  and  further  that  the 
plans  presented  herein  be  reviewed  periodically  by  local  water 
development  agencies  in  these  counties  to  reflect  changing  needs 

for  irrigation,  recreation,  fisheries  enhancement,  and  flood  control. 

2.  Further  consideration  of  a  reservoir  at  the  Iron  Canyon  or  alternative 
site  on  the  main  stream  be  deferred  until  such  time  as  further  needs 
for  water,  power,  and  flood  control  make  such  a  project  economically 
justified. 

3.  The  Hulen  and  Dippingvat  Projects  on  Cottonwood  Creek,  the  Millville 
Project  on  Cow  Creek,  and  the  Paskenta  Project  on  Thomes  Creek, 
comprising  the  best  initial  means  of  developing  the  water  resources 
of  the  Upper  Sacramento  Basin,  be  studied  at  the  feasibility  level 
according  to  the  priority  of  need  in  the  development  of  California's 
water  resovirces,  and  that  these  reservoirs  be  evaluated  to  determine 
their  suitability  for  financial  participation  by  the  State  under 
Section  12880(f)  of  the  Davis-Gixuasky  Act,  or  for  authorization  by 
the  State  as  additional  features  of  the  State  Water  Resoiirces  Develop- 
ment System. 
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CHAITBR  I.   INTRODUCTION 

The  Upper  Sacramento  River  Basin  Investigation  includes 
within  its  scope  the  consideration  of  all  the  beneficial  uses  of  the 
sub-basins'  water  resources.  This  multipurpose  vrater  utilization 
concept  includes  analyses  of  each  reservoir  project  for  the  purposes 
of  flood  control,  irrigation,  electric  power  generation,  domestic  water 
supply,  fish  and  wildlife  enhancement,  and  water-associated  recreation. 

Tlie  eight  reservoir  projects  considered  in  this  i^eport  are 
located  within  the  2,600  square  mile  drainage  area  of  this  investigation, 
in  the  northern  end  of  the  Central  Valley.  The  two  counties,  Shasta 
and  Tehama,  in  which  these  projects  are  envisioned,  are  presently 
favored  id.th  many  water-associated  recreation  areas  within  a  short 
travel  distance  of  local  population  centers.  In  most  circumstances  these 
existing  water-associated  recreation  areas  are  underdeveloped  and,  with 
further  development,  could  accommodate  a  considerable  increase  of  recrea- 
tion use.  Tehama  and  Shasta  Counties  depend  on  the  recreation  industry 
as  a  major  source  of  their  income.  These  counties  are  interested  in 
expanding  their  economic  growth  by  attracting  more  recreationists. 
Since  the  population  predictions  for  these  counties  are  small  in  compari- 
son with  other  counties,  any  large  future  increase  of  recreation  income 
must  originate  from  outside  these  counties.  To  stimulate  this  non-local 
use,  recreation  facilities  at  water  projects  will  have  to  offer  high 
quality  access  and  facilities  to  attract  overnight  users. 

Seven  of  the  proposed  projects  studied  are  located  on  tributaries 
to  the  Sacramento  River  (Figure  l) .  They  are:  Hulen  Reservoir  on  the 
North  Fork  of  Cottonwood  Creek,  Fiddlers  Reservoir  on  the  Middle  Fork  of 
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FIGURE    I 
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Cottonwood  Creek^  Rosewood  Reservoir  on  Dry  Creek  (a  tributary  to  the 
South  Fork  of  Cottonwood  Creek) ,  Dippingvat  Reservoir  on  the  South  Fork 
of  Cottonwood  Creek,  Bella  Vista  Reservoir  on  Little  Cow  Creek,  Millville 
Reservoir  on  South  Fork  of  Cow  Creek,  and  Paskenta  Reservoir  on  Thomes 
Creek.  Each  of  these  reservoirs  was  studied  separately  and  in  combina- 
tion with  other  tentative  Upper  Sacramento  River  Basin  tributary  projects. 

An  additional  plan  to  develop  the  Upper  Sacramento  River  Basin 
proposes  a  major  impoundment  behind  a  dam  constructed  across  the  Sacramento 
River  at  Iron  Canyon.  This  27,000  surface  acre  project  was  studied  as  a 
single  basin  project  and  in  combination  m-th   single  tributary  developments. 

Authority  and  Planning  History 

The  evaluation  of  the  recreation  potential  of  tentative  water 
developments  is  authorized  by  Section  3^5  of  the  State  Water  Code  which 
requires  the  consideration  of  water-associated  recreation  when  evaluating 
a  State  Water  Project.   In  195^,  the  Department  of  Water  Resources 
established  a  Recreation  Services  Unit  to  do  the  recreation  evaluation 
for  water  projects.   The  department  maintained  this  staff  until  July  1, 
1963,  the  effective  date  of  Resources  Agency  Order  No.  7  which  transferred 
the  recreation  planning  functions  to  the  Department  of  Parks  and  Recreation, 
Division  of  Beaches  and  Parks.   Since  I958,  recreation  planning  on  the 
Upper  Sacramento  River  Basin  Investigation  has  been  progressing  in  line 
with  the  program  needs.  With  transfer  of  the  water  project  recreation 
evaluation  function  to  Division  of  Beaches  and  Parks,  this  work  has  been 
accomplished  as  partial  fulfillment  of  Agreement  Number  252781  between 
the  Departments  of  Parks  and  Recreation  and  Water  Resources. 
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Purpose  and  Scope 

The  purpose  of  this  report  is  to  summarize  a  copious  amount  of 
recreation  project  infonnation  that  is  on  file  in  the  Department  of  VJater 
Resources  and  to  present  the  potential  recreation  benefits  for  eight  ten- 
tative Upper  Sacramento  River  Basin  reservoirs.  Seven  of  these  reservoirs 
are  on  streams  tributary  to  the  Sacramento  River  and  one  is  on  the 
Sacramento  River.  The  scope  of  these  studies  varies  from  field  reconnais- 
sance and  preliminary  estimate  of  user  demand  to  a  level  of  study  that 
includes  estimates  of  recreation  demand,  shoreline  land  available  for 
development,  type  and  number  of  facilities  that  should  be  developed,  cost 
of  the  facilities,  and  operation  and  maintenance  costs. 


A- 12 


CIL'^JTER  II.      :'\ES.^  DESCRIPTIOIIS 

Physiography 

The  climate  of  the  Upper  Sacramento  River  Basin  ^.-as  described 
by  3\mset  Magazine's  staff  based  upon  40  years  of  records.  The  mean  Jiily 
(mid-recreation  sea,son)  air  teiiiperature  \Te.z   approximp.tely  G2°F.  The  annual 
naximua  recorded  tenrperatvire  \tcz   115°F;  the  i-iiniinufli  recorded  teiapers/bure 
17°F.  The  average  length  of  the  vegetative  gro'.rth  season  iTas  27^!-  days 
(last  1-u.lling  frost  in  spring  to  first  ld.lling  frost  in  fall),  -.ath  aji 
average  annual  precipitation  of  23.10  inches.  The  possibility  of  having 
sunshjine  in  mid-suinaer  recreation  season  is  aore  than  95  percent.  Con- 
sidering all  the  above-iuentioned  cliLLate  factors,  '.-ater  contact  recreation 
should  be  popular  if  surface  \i3.ter   t&Tipei-atures  are  at  least  65°  to  70°F. 

The  proposed  tributary  reservoir  developnents  in  the  no2rthern 
Upper  Sacramento  Valley  are  located  bet.reen  cltitudes  of  ^00  feet  to 
1,500  feet  above  mean  sea  level.  They  are  in  lo".;  rolling  foothill  areas 
v/-hich  have  many  gullies  cut  by  late  fall  and  early  spring  intermittent 
heavy  runoff. 

To  ma,ke  reasonable  judgments  as  to  size  and  type  of  recreation 
use  in  a  proposed  project  area  if  the  project  vere  operating  under  prcseait 
day  conditions,  and  to  estims.te  futxare  de.ricxid  for  outdoor  recreation  at 
each  proposed  project,  basic  recreation  infor;;:E,tion  had  to  be  co.npiled. 

Populati  on 

According  to  the  Census  of  19^0,   Shasta  and  Tehama  Couiities  had 
approxima.tely  oO,000  residents.     The  Departneixt  of  V;ater  Resources  estimates 
that  by  I98O  there  -..all  be  lir2,000  people  and,   by  2010,   35i|-,000   (Graph  l). 
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These  residents  -jotild  use  the  Upper  Sacramento  River  Basin  ijater  projects, 
but  the  ainouiit  of  day  use  at  each  project  irauld  he  fairly  sma.ll  because 
of  competition  betireen  projects.     It  is  assw.aed  that  the  two  cotmties 
■■dll  enliajice  their  futiure  recreation  industry  by  encouraging  participation 
by  non-local  recreationists .     Therefore,  population  ejipansion  prediction 
factors  for  the  aitire  State  of  California  irere  considered  to  estiinp.te 
the  number  of  non-local  users  \fho  would  utilize  the  recreation  develop- 
ments at  the  proposed  ■'..'ater  projects   (Graph  II). 


^Ir^'^M 


Typical  Upper  Sacramento  River  Basin  Topography 
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Per  Co-pita  Use-utilization  of  Outdoor  Recreation 

Historic  evidence  (19^0-1960)  derived  from  State  Parks,  National 
Parks,  a,nd  National  Forest  recreation  use  reports  revealed  an  increasing 
trend  in  per  capita  use  utiliza.tion  of  out-of-door  recreation  areas.  This 
increa,sed  vise  is  due  in  part  of  rising  disposable  incomes,  increasing 
amounts  of  leisure  time,  and  increasing  mobility.  The  histoxic  trend  of 
per  capita  use  './as  projected  into  the  futiire  at  "lihe  same  rate  as  the 
historic  rate  of  increase.  This  trend  is  presented  in  Graph  III. 

Origin  of  Recreation  Users  ajid  Typical  Reservoirs 

Existing  reservoirs,  similar  to  project  reservoirs,  -.■ere 
sought  out  a,nd  studied,  to  estimate  the  type  of  recreation  use  -..hich  may 
occur  at  a.  tentative  project  and  the  origin  of  the  users.  The  inform.ation 
gp,ined  from  stud^d-ng  fovir  typical  reservoirs  t.^s  applied  to  estimate  the 
recreation  use  of  the  proposed  project  reservoirs.  These  study  reservoirs 
chosen  vere   Shasta,  Folsora,  Millerton  and  East  Park. 

Folsom  and  I'lillerton  Reservoirs  historic  use  data  were  utilized 
to  draw  conclusions  concerning  probable  local  area  recreation  use.  The  1958 
and  1959  local  resident  (residence  of  day-users  assumed  to  come  from  within 
a  35-raile  radius  of  project)  annual  recreation  use  \ie.s   determined  to  be 
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approximately  2,5  visits  per  capita.  This  annual  rate  of  use  was  applied 
to  35  mile  radius  zones  of  influence  around  each  of  the  tentative  reservoirs 
and  adjusted  for  competition  from  existing  water  projects  as  well  as  ones 
scheduled  for  construction.  Studies  conducted  at  Shasta  Reservoir  (Shasta 
County)  and  East  Park  Reseivoir  (Colusa  County)  were  utilized  in  the  deriv- 
ation of  the  user  origins  and  the  types  of  use  that  may  be  expected  at  the 
Upper  Sacramento  River  Basin  projects. 

Expected  origin  of  users  was  determined  from  perusal  of  visitor  records 
maintained  by  owners,  and  a  county  recreation  survey,  see  Tables  I  and  II. 
The  types  of  recreation  use  encoiintered  at  East  Park  Reservoir  were  assumed 
to  be  representative  of  the  types  of  recreation  use  to  be  e>pected  at  the 
proposed  tributary  reservoirs,  ^diile  Shasta,  Millerton,  and  Folsora  Reservoirs 
were  chosen  to  provide  information  to  be  applied  to  recreation  use  predictions 
at  the  Iron  Canyon  project. 

Table  I 

Origin  of  Visitors,  East  Park  Reser  voir 
I960 


Percent 

Percent 

County  Origin 

of  Sample 

County  Origin 

of  Sample 

Colusa 

59.6 

Mariposa 

.k 

Contra  Costa 

6.6 

Mendocino 

.3 

Sacramento 

U.9 

San  Joaquin 

.3 

Alameda 

U.5 

Lake 

.2 

Sutter 

3.9 

Jx5s  Angeles 

.2 

Yuba 

3.6 

Merced 

.2 

Yolo 

3.5 

Placer 

.2 

Solano 

2.6 

Tehama 

.2 

Glenn 

1.5 

Kern 

.1 

Napa 

1.9 

Monterey 

.1 

Butte 

1.0 

Plumas 

.1 

San  Mateo 

1.0 

Santa  Barbara 

.1 

San  Francisco 

.9 

Shasta 

.1 

Santa  Clara 

,6 

Tulare 

.1 

Marin 

.5 

Out  of  State 

.k 

Sonoma 

.5 

Source  -  D.-i/.R. 

Sample  Size  -  U7Ul  Visitors 

April  -  September  I960 
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TABLE  II 

ORIGHJ  OF  VISITORS,  SHASTA  RESliRVOIR 
1958 


Percent  of 

Region  of  Origin 

Sample 

In-state-local 

36.2 

In-state  non-local 

San  Francisco 

29.7 

Los  Angeles 

13.3 

Sacramento 

5.7 

Eureka 

3.0 

Fresno 

.h 

San  Diego 

.h 

Out-of-state 

7.1 

No  answer 

U.2 

Source  -  Shasta  County 
Sample  Size  -  5o5  partie 
.iugust  30  -  1958 

Present  Recreation  Use  of  Project  Areas 

In  the  project  areas  of  the  Upper  Sacramento  River  Basin  Investiga- 
tion, the  majority  of  recreation  uses  are  oriented  around  fish  and  wildlife 
activities.  The  tributary  projects  are  located  on  lands  which  are  primarily 
in  private  ownership,  where  management  for  grazing  and  other  agricultural    | 
uses  necessitates  the  limiting  of  general  public  access  for  fishing  and 
hunting.  The  future  recreation  use  of  these  areas  will  probably  not  in- 
crease significantly  as  long  as  agricultural  development  is  dominantj  also, 
the  present  and  future  recreation  use  without  the  attractive  power  of  water 
surfaces  is  assumed  to  be  negligible. 

The  Iron  Canyon  project  would  inundate  a  part  of  the  Sacramento 
River  which  is  intensively  used  for  recreation  purposes  and  it  has  the 
potential  for  future  increases  in  recreation  use.  To  establish  the  level  of 
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present  and  historic  use.  Department  of  Fish  and  Game  and  U.  S.  Fish  and 
Wildlife  Service  studies  and  data  were  analyzed.  The  present  level  of 
use  was  established  and  projected  into  the  future.  The  methods  used  in 
this  work  will  be  discussed  in  the  Recreation  Analysis  Chapter  of  this 
report o 
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CHAPTER  III.  RECUSATION  MALYSIS 

Methodology 

Each  reservoir  site  was  given  a  field  reconnaissance  by  aerial 
observation  and  ground  survey.  The  purpose  of  these  initial  field  studies 
was  to  determine  the  potential  of  the  land  to  support  water-associated 
recreation  at  each  site,  and  the  approximate  water  elevation  that  could 
best  be  developed  for  water-associated  recreation. 

VJhen  the  initial  field  study  indicated  that  a  project  had  a 
recreation  development  potential,  a  user  demand  study  was  made.  The  water 
projects  of  the  Upper  Sacramento  River  Basin  Investigation  were  found  to 
have  varying  degrees  of  recreation  potential.  Therefore,  the  expected  de- 
mand for  the  project's  potential  recreation  resoiirce  was  studied  by  compar- 
ing various  similar  existing  reservoirs.  The  studies  of  sirailar  reservoirs 
were  made  to  discover  basic  recreation  information  such  as  origin  of  recre- 
ationists,  types  and  proportions  of  water-associated  activities,  and  the 
recreation  user  needs  that  existing  areas  are  not  supplying. 

The  predicted  recreation  visitor-day  demand  for  each  of  the  tenta- 
tive reservoirs  was  determined  by  calculating  the  origin  and  number  of 
visitors  from  distance  zones  and  their  populations  at  comparable  existing 
reservoirs.  The  determined  rate  of  visitors  use  per  capita  of  these  zones 
was  then  applied  to  the  present  and  predicted  future  populations  of  corres- 
ponding zones  around  the  tentative  reservoirs.  Evaluations  of  historic 
records  of  recreation  use  in  relation  to  population  growth  have  indicated  an 
increasing  trend  in  per  capita  outdoor  recreation  activity.  Assuming  that 
these  trends  vxill  continue,  the  rate  of  increased  outdoor  use  was  applied  to 
the  predicted  per  capita  use  -v^ich  would  originate  from  each  established 
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population  expected  to  recreate  at  the  studied  reservoirs.  The  total  level 
of  use  expected  at  each  project  is  the  summation  of  all  predicted  visitor- 
days  from  each  of  the  project  population  zones  during  the  particular  time 
period.  The  total  decade  use  was  estimated  by  assuring  that  use  would  in- 
crease at  a  constant  rate  during  each  decade  so  that  the  average  annual  use 
during  each  decade  would  be  equivalent  to  tlie  average  of  the  use  at  the 
beginning  and  end  of  that  decade.  The  average  annual  use  for  the  decade 
would  be  the  arithmetic  mean  of  the  total  decade  use. 

Competitive  Recreation 

Competition  from  existing  and  future  projects  had  to  be  taken  into 
account  when  determining  the  potential  demand  for  recreation  at  any  one  or 
combination  of  new  water  projects.  Many  opportunities  to  participate  in 
water-associated  recreation  are  to  be  found  in  the  counties  of  Shasta, 
Trinity,  Lassen,  Glenn  and  Tehama.  An  example  is  the  area  which  is  proposed 
for  inclusion  in  the  VJhiskeyto-vjn-Shasta- Trinity  National  Recreation  Area, 
This  recreation  area,  which  would  be  operated  by  the  U.  S.  Forest  Service 
and  the  National  Park  Service,  would  include  three  large  reservoirs  with 
appropriate  recreation  developments  designed  to  permit  public  enjoyment  of 
a  total  water  surface  of  U9,000  surface  acres  and  550  miles  of  shoreline. 
Projects  considered  in  the  Sacramento  River  Basin  Investigation  would  add 
another  30,000  surface  acres  to  tliis  total.  The  day  user  recreation  demand 
at  each  studied  reservoir  was  adjusted  by  considering  a  35-niile  average 
distance  from  the  reservoir  as  the  zone  of  influence  of  a  particular  reservoir 
for  day  users.  I-Jhen  a  zone  overlapped  the  influence  area  of  another  reservoir, 
the  recreation  demand  was  apportioned  to  establish  the  estimate  for  visitor-day 
use  at  each  reservoir. 


A- 22 


The  Iron  Canyon  Project  would  have  a  larger  water  surface  than  any 
of  the  other  tentative  projects  studied  in  the  Upper  Sacramento  River  Basin 
Investigation.  This  project  would  compete  for  recreation  visitor  days  with 
f  the  existing  projects  such  as  Shasta,  Trinity,  Whiskeytown,  Lake  Almanor, 

Lake  Britton,  and  Black  Butte  Reservoirs,  After  considering  the  relative 

li 

merits  of  the  existing  and  potential  water  bodies,  it  was  assumed  that  Iron 

Canyon  Reservoir  would  draw  approximately  30  percent  of  the  total  recreation 

day  use  potential  demand  of  residents  of  the  area  within  35  miles  of  the 

project  and  that  none  of  the  tributary  projects  would  significantly  reduce 

visitation  at  the  Iron  Canyon  Project. 

I 

Cost  of  Facilities  to  Support  Recreation  Use 

To  receive  the  predicted  visitor-day  use  at  proposed  project  reservoirs, 
I  recreation  developments  such  as  access  facilities,  water  supply,  sanitary  facil- 
ities, camp  and  picnic  units  would  have  to  be  provided.  Capital  costs  of 
these  facilities  and  the  operation,  maintenance  and  replacement  costs  during 
;  the  repayment  period  of  the  project  are  part  of  the  multipurpose  project  costs . 

To  estimate  these  costs,  guides  for  average  recreation  facility  costs  were 
,  developed  from  cost  records  obtained  from  the  Division  of  Beaches  and  Parks. 

I  These  guides  are  used  for  preparing  preliminary  cost  estimates  and  are  revised 

I 

at  frequent  intervals.  Camping  units  at  the  Iron  Canyon  Project  were  estimated 

at  $3,000  per  unit  and  picnic  units  at  $2,750.  The  tributary  reservoirs  were 

planned  as  coijtnty  or  local  district  developments  with  less  pretentious  facilities. 

Therefore,  the  picnic  unit  cost  was  estimated  at  $2,100.  These  camp  and  picnic 

unit  costs  include  a  table,  access  to  a  stove,  cleared  and  leveled  space, 

parking  area,  and  a  prorata  share  of  internal  circulatory  roads,  sanitary 

facilities,  water  supply,  power  supply,  trails,  barriers,  signs,  and  a  check 

station.  Other  costs  such  as  primary  access  roads,  boat  launching  ramps,  etc., 

were  estimated  separately  for  each  project  in  consultation  with  a  landscape 

architect. 
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Tributary  Reservoirs 

Each  of  the  reservoirs  being  considered  in  the  studies  of  the 
Upper  Sacramento  River  Basin  tributaries  could  accoiranodate  ir.ore  or  less 
similar  forms  of  recreation  activities  such  as  warm-water  fishing,  swimming, 
boating,  picknicking,  camping,  and  water  skiing. 

The  population  of  the  basin  is  generally  concentrated  along  the 
main  highways  paralleling  the  Sacramento  River.  The  reservoir  sites  are 
located  on  side  roads  10  to  20  miles  from  the  present  population  concen- 
trations . 

The  reservoirs  have  normal  pool  elevations  between  600  feet  and 
1,200  feet.  This  results  in  a  little  variation  in  climate  and  vegetative 
cover  between  reservoir  sites. 

Although  there  is  variation  in  the  topgraphy,  the  features  of 
the  terrain  may  be  generalized  by  stating  that  all  the  reservoirs  are  in 
a  similar  foothill  area  between  the  Sacramento  Valley  floor  and  the  major 
mountain  formations. 

All  the  reservoirs  will  impoimd  bodies  of  water  vith  sufficient 
surface  area  to  attract  recreational  users. 

The  tributary  (to  the  Sacramento  River)  reservoir  sites  are  so 
located  that  they  will  satisfy  the  needs  of  a  great  many  people  who  are 
seeking  outdoor  water-associated  recreation  and  vriio  will  make  use  of  the 
best  available  location  within  a  limited  travel  distance. 

According  to  studies  hy   the  California  Public  Outdoor  Recreation 
Plan  Committee,  as  published  in  Fart  I  of  the  California  Public  Outdoor 
Recreation  Plan  (i960),  the  average  one-way  distance  for  one-day  round  trips 
by  automobile  —  for  outdoor  recreation  —  is  33'  miles.  In  central  valley 
foothill  reservoirs,  where  the  primarj'"  attraction  is  the  body  of  water  behind 
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the  dam,  it  has  been  found  that  the  majority  of  users  reside  ivithin  35 
miles  of  the  reservoir.  The  California  Public  Outdoor  recreation  Plan 

Committee  found  this  to  be  true  at  Folsom  Reservoir.  The  Department  of 

V/ater  Resources  Recreation  Unit  studies  at  East  Park  Reservoir  found  that 

60  percent  of  the  users  reside  in  the  county  vjhere  the  reservoir  is  located 

(Table  I).  A  similar  sit'jation  vjas  found  viien  user  origin  was  studied  at 

other  central  valley  reservoirs. 

From  the  results  of  these  studies,  it  follows  that  the  demand 

for  the  day-use,  water-associated  tj-pe  of  recreation  that  will  be  provided 

by  tlie  Upper  Sacramento  Basin  tributary  reservoirs  may  be  estimated  if  the 

population  i;iithin  a  33-mile  radius  of  the  reservoir  is  Icnown.  Recreation 

use  and  needs  should  be  expected  to  change  in  proportion  to  changes  in  the 

population  of  the  surrounding  area. 

Shasta  County  Best  Available  Resource 

The  reservoirs  presented  in  Table  III  will  probably  share  the 
role   of  being  the  best  available  resource  to   satisfy  the  demand  by  Shasta 
County  residents  for  water-associated  outdoor  reservoir  type   recreation. 
The  folloi'd.ng  table  contains  estimates  of  tiie  percentage  of  tne  demand 
for  day-use  reservoir  recreation  areas  that  each  reservoir  may  be  expected 
to  fulfill. 
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TABLE  III 

SUPPLY  OF  DAY-USE,  BEST  AV.ilL/^^iE  i-^E30c:iCZ 
RESSlVOIil  ilECi-UiATIOii  'n'OR   SnASTA  COUiNin'  RSSIDSIiTS 


Trinity-Lewiston  Reservoirs 

8  percent 

VJhiskeytoirm  Reservoir 

28  percent 

Shasta  Lake  and  Keswick  Reservoir 

3>  percent 

Bella  Vista  i/ 

17  percent 

Mllville  Reservoir  2/ 

5  percent 

Hulen  Reservoir  =/ 

7  percent 

Fiddlers  Reservoir  2/  £/ 

2  percent 

1/  Reservoirs  on  streams  tributary  to  the  Sacramento  River  considered 

by  the  Upper  Sacramento  River  Basin  Investigation. 
2/  Fiddlers  vdll  also  answer  some  of  the  Teharna  County  demand. 

East  of  the  Sacramento  River,  the  investigation  proposes  to 
develop  the  Cow  Creek  drainages.  Bella  Vista  Reservoir  would  be  created 
by  a  lliO-foot  dam  located  on  Little  Cow  Creek  in  Section  20,  T32N,  R3W 
(Figure  2).  At  a  maximum  water  surface  elevation  of  6lU  feet,  I-ISL,  a  khSO 
surface  acre  pool  would  store  200,000  acre-feet  of  water.  The  predicted 
annual  drawdoiim  as  a  multipurpose  project  is  13  feet  or  a  drawdown  to  a 
3370  surface  acre  reservoir.  The  Bella  Vista  project  would  be  located 
within  8  miles  of  the  City  of  Redding  via  the  high-speed  U.  S.  Highway  299. 
The  predicted  population  growth  of  the  Redding  area  should  result  in  resi- 
dential development  near  the  reservoir.  The  indicated  large  water  surface 
area,  the  tentative  operations  schedule,  and  the  shoreline  topography  are 
conducive  to  water-associated  recreation  use. 
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FIGUR  E     3 
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Millville  reservoir  project  is  approximately  nine  air  miles  south- 
east of  the  Bella  Vista  project.  This  reservoir  vrould  have  about  1,580 
siirface  acres  at  a  riaximum  pool  elevation  of  7U3  IiSL.  The  163-foot  dam  would 
be  located  on  the  South  .--'ork  of  Cow  Creek  in  Section  17,  T31I'I,  R2W,  (Figure  ^) - 
The  reservoir  iirould  store  95,000  acre-feet.  Annual  operations  indicate  an 
average  dravrdown  of  2I4  feet  which  would  decrease  the  maximuin  pool  to  a  surface 

area  of  1,270  surface  acres,  Millville  project  x^rould  serve  the  same  recreatioi, 

I 
users  that  the  Bella  Vista  would,  but  Millville  project  has  more  difficult  aces 

than  Bella  Vista  and  has  a  smaller  pool  surface  because  of  the  basin  size  and 

the  annual  average  operation  is  less  conducive  to  water-associated  recreation. 

On  the  vrest  side  of  the  Sacramento  River  the  investigation  envisions 
that  the  Cottonwood  Creek  drainage  would  be  developed,  Tlie  hulen  project 
would  be  located  on  the  North  Fork  of  Cottonwood  Creek,  This  reservoir  was 
studied  at  two  water  elevations,  793  feet  liSL  and  SUQ  feet  MSL.  'Both  project 
sizes  have  dams  located  in  Section  I6,  T30N,  r6W  MDBJil-i,  (Figure  5)-   The 
9U,000  acre-foot  reservoir  at  8I4.8  feet  MSL  operating  at  an  average  drawdown 
of  18  feet,  was  found  to  be  the  most  desirable  for  recreation  purposes  due  to 
the  larger  water  surface  which  would  sillow  separation  of  water-associated 
uses,  and  would  have  a  longer  shoreline  of  sidtable  topography  for  recreation 
facility  development. 

Approximately  9  miles  southwest  of  the  Hulen  project  is  a  tentative  ; 
development  on  the  North  Fork  of  Cottonwood  Creek,  Fiddlers  reservoir  was 
studied  at  a  maximum  elevation  of  970  feet  nSL,  A  237-foot  dam  located  in 
Section  23  and  33,  T23N,  R7W  (Figure  6),  would  create  a  IJOO  surface  acre 
maximum  pool.  Average  annual  drawdown  is  estimated  as  3$   feet,  which  would 
decrease  the  pool  surface  to  1120  acres.  The  general  topography  of  the 

reservoir  area  is  very  steep,  therefore  limiting  the  development  of  recreatior 

I 
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use  facilities.  This  reservoir  is  the  least  accessible  of  the  tributary 
projects  from  the  standpoint  of  quality  of  present  roads  and  distance  to 
present  and  probable  future  population  centers, 

Tehaira  Oc^inty  Best  Available  Resource 

The  reservoirs  studied  in  the  Upper  Sacramento  Pdver  Basin  Investi- 
gation in  Tehama  County  would  satisfy  most  of  the  recreation  demand  of  v;est 
Tehama  County  residents  for  day-use  water-associated  reservoir  recreation. 
Lake  Almanor,   Bucks  Lake,   and  Oroville  Reservoir,   are  idthin  35  miles  of  the 
lightly  populated  eastern  portion  of  Tehama  County,    therefore  dominating  the 
local  light  recreation  demand  of  this  arwct.     The  following  paragraphs  are 
concerned  with  the  reservoirs  that  will  serve  Tehama  County  rea dents  as  the 
best  available  resource  supplying  water-associated  recreation.     The  following 
table  contains  estimates  of  the  percentage  of  the  total   demand  by  Tehsima 
County  residents  for  day-use  reservoir  recreation  areas  at  each  reservoir, 

T.IBLE  IV 

vSUl'PLY  OF  DAY- USE,   BESV  AVAILABLE  RESOURCE 
RESERVOIR  REC.li^ATIuU   x'XIR  TilIAI-iA  COUNTY  PJi£iTD...NTS 

RESERVOIR  PERCENT 


Fiddlers  Reservoir  h   percent 

Rosewood  Reservoir  33   percent 

Dippingvat  Reservoir  6  percent 

Paskenta  Reservoir  22  percent 

Black  Butte  Resei-voirl/  2/                    30  percent 

Lake  Almanor,  Bucks  Lake,  and 

Oroville  Reservoir  2/  5  percent 


1/   Corps  of  Engineers  Reservoir,  built  in  I963  on  Stony  Creek  in  Glenn  County 
2/  Competitive  local  recreation  reservoirs. 
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Fiddlers  Reservoir,  on  the  Shasta-Tehair.a  County  line,  \ias   discussed 
in  the  previous  section  describing  Shasta  County  recreational  demand.  This 
reservoir  will  probably  share  part  of  the  role  of  being  an  available  reso^orce 
to  satisfy  the  demand  by  Tehaina  County  residents  for  near-by  outdoor,  vjater- 
associated,  reservoir  recreation. 

Rosewood  Reservoir  project  would  be  located  on  Dry  and  Salt  Creeks, 
tributaries  to  the  South  Fork  of  Cottonwood  Creek.  The  190-foot  high  dam 
would  be  located  in  Section  16,  T28N,  R6W,  IDBcd-i  (Figure  T) .   The  Rosewood 
project  would  have  a  maximum  surface  area  of  3>020  acres  at  a  vrater  surface 
elevation  of  786  feet  IISL.  Operation  studies  indicate  an  average  drawdown 
of  2k   feet  to  a  surface  area  of  2,320  acres.  The  general  terrain  along  the 
shoreline  is  steep  and  limits  to  one  area  the  shore  lands  available  for 
recreation  facility  development.  The  best  topography  for  initial  development 
is  located  to  the  northvjest  of  the  reservoir  overlooking  Dry  Creek  Valley. 
This  hill  area  is  covered  with  scattered  oak  treesj  however,  the  local  practice 
of  tree  removal  for  livestock  range  improvement  indicates  that  the  trees  might 
not  be  present  by  the  time  the  reservoir  is  constructed.  The  Rosewood  project 
is  about  20  miles  west  of  Red  Bluff,  and  may  be  reached  by  a  relatively  poor 
quality  state  highway  which  is  not  included  in  the  State  Freeway  or  Expressway 
System.  For  the  residents  of  Red  Bluff,  Rosewood  would  be  the  most  convenient 
reservoir  for  day-use  and  should  support  good  use. 

Approximately  eight  miles  south  of  the  Rosewood  project  is  the 
Dippingvat  project  on  the  South  Fork  of  Cottonwood  Creek  (Figure  8) . 
Dippingvat  Reservoir  viould  be  created  by  a  217-foot  high  dam  in  Section  36, 
T271^,  R71*/,  i'DBccI-i.  This  reservoir  would  have  a  1,005  surface  acre  lake  at  a 
maximum  pool  elevation  of  1,172  feet  KSL,  The  average  dravxdown  would  be  28  feet 
to  a  pool  surface  area  of  70O  acres.  Dippingvat  project  is  located  in  an  area 
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of  very  steep  terrain  viith  limited  access.   Analyzed  by  present  day  land 
development  standards,  this  project  has  a  low  potential  for  recreation  use. 
Future  demands  for  recreation  waters  and  land  may  vrell  negate  these  present 
standards  and  increase  the  desirability  of  this  project. 

The  Paskenta  project  has  had  e:rbensive  feasibility  ejiploration  by 
the  State  investigations  as  well  as  investigations  for  approval  of  Davis-Grunsky 
grant  by  the  Tehama  County  Flood  Control  and  Water  Conservation  District,  Tlie 
Upper  Sacramento  Hiver  Basin  Investigation  recreation  analysis  was  accomplished 
for  a  reservoir  with  a  capacity  of  137,000  acre-feet.  To  impound  this  water,  a 
250-foot  high  dam  would  be  constructed  across  Thomes  Creek  in  Section  6,  T23N, 
R6W,  MDB&I-I  (Figure  9),  and  a  saddle-dam  in  Section  13.  These  dams  would  create 
a  reservoir  \>d.th  a  maximum  surface  area  of  l,9h-0  acres  (surface  elevation  of 
1,006  feet  MSL.  Tlie  average  operations  drawdown  of  27  feet  would  reduce  the 
surface  area  to  1,U50  acres.  Paskenta  project  is  well  s-aited  for  water-asso- 
ciated recreation  in  reference  to  the  topography  and  attractive  scenic  environ- 
ment. The  majority  of  the  ini-tial  recreation  use  will  probably  originate  from 
Orland  and  Corning  approximately  25  miles  east.  Future  population  growth  of 
Glenn  and  Tehama  Counties  would  result  in  increased  use  of  reservoir  recreation 
areas. 

Sacramento  Pdver  Reservoir 

One  site  on  the  main  stem  of  the  5acramento  River  has  been  studied  in 
this  investigation  to  detennine  if  it  is  a  feasible  site  for  the  development  of 
a  large  multipurpose  reservoir.  This  site  is  located  h.5  miles  northeast  of  Red 
Bluff,  The  dam  (Iron  Canyon)  would  consist  of  an  earthfill  dam  approximately 
170  feet  in  height  across  the  main  river  channel  (crest  elevation  U20  feet  above 
sea  level).  The  primary  purposes  of  this  project  would  be  conservation  yield. 
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hydroelectric  power  generation,  flood  control,  and  recreation.  Iron  Canyon 
Dam  would  impound  a  reservoir  of  approximately  27,000  surface  acres  at  normal 
pool.  Tentative  operation  schedules  call  for  an  average  annual  1,0  foot  draw- 
down to  average  pool  of  10,000  s^orface  acres.  At  no^al  pool,  the  north  to 
south  length  of  the  reservoir  is  approximately  21  miles. 

The  annual  operation  schedule  would  provide  a  maxMum  pool  late  in 
the  spring  and  a  minimum  pool  in  the  late  fall.  Recreation  facilities  M)uld  ' 

be  located  on  slopes  approaching  the  maximum  acceptable  standarxis,  and  in  the 

minimum  pool  area. 

The  potential  water-associated  recreation  areas  lie  at  an  average 
elevation  of  U50  feet  above  sea  level.  These  areas  generally  consist  of 


Iron  Canyon  Damsite  and  the  Bald  Hill  Recreation  Area  (left  side) 
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gently  sloping  foothills  ultli   outcroppings  of  igneous  rocks.  The  upper  reaches 
of  the  project  are  characterized  by  the  flood  plain  valleys  of  the  Cottonwood 
and  Cow  Creek  drainages.  At  normal  pool,  UOO  feet  above  sea  level,  considerable 
areas  of  flat  land  in  the  upper  reaches  of  the  reservoir  would  be  inundated. 
¥ith  a  UO-foot  drawdovm,  these  areas  would  be  exposed  as  large  mud  flats. 

The  climate  of  the  project  area  is  typically  hot  and  dry  in  the 
suriimer,  and  cool  in  the  winter,  with  abimdant  rainfall.  Spring  and  late  fall 
are  especially  pleasant  seasons.  The  hot  summer  season  vrould  be  very  conducive 
to  water-associated  activities,  if  facilities  are  built  close  to  the  water. 

Blue  oak,  valley  oak,  and  annual  grasses  comprise  the  major  vege- 
tative cover  of  the  project  area.   The  landscape  is  further  enlianced  by  inter- 
esting outcroppings  of  igneous  rocks.  Shallow  soil  is  evident  in  many  of  the 
short  grass  areas o 
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Iron  Canyon  Analysis 

The  recreation  studies  of  the  Iron  Canyon  project  are  more  detailed 
than  the  studies  of  the  tributary  reservoirs.  Iron  Canyon  studies  delineated 
lands  which  should  be  used  for  present  and  future  recreation  development  p\ar- 
poses  and  the  benefits  that  could  be  expected  to  accrue. 

The  calculation  of  gross  dollar  benefits  entailed  four  steps.  The 
first  step  required  the  estimating  of  recreational  use  by  type  of  use  and 
place-of-residence  of  the  users.  These  estimates  covered  the  50  year  project 
repayment  period.  The  second  step  involved  field  studies  to  determine  if  there 
was  enou[;h  land  adjacent  to  the  reservoir  to  satisfy  the  predicted  use.  The 
third  step  consisted  of  the  preparation  of  a  recreation  land  use  plan  in  order 
to  calculate  the  recreational  development  costsj  and  the  fourth  step  involved 
the  detennination  of  a  value  for  a  visitor-day.  This  value  was  determined  by 
the  Economists  of  the  Department  of  i'Jater  Resources  from  data  relating  to  plac€' 
of -residence  of  recreation  visitors. 

Method  of  estimating  recreational  use  was  discussed  in  the  General 
Methodology  section  of  a  previous  chapter.  Table  V  and  VII  present  the  esti- 
mated recreational  use  that  Iron  Canyon  ueservoir  project  would  receive  if 
developed  by  1970, 

In  1958  Shasta  Coxmty  made  a  survey  of  recreationists  at  Shasta  Lake. 
The  county  determined  the  counties  of  origin  from  the  persons  interviewed.  The 
results  (presented  previously  in  Table  II )  were  compiled  and  grouped  into  geneil 
areas  of  origin  which  included  hoth  state  regions  and  miscellaneous  out-of-staii 
areas.  The  proportion  of  local  to  non-local  use  was  33  to  62  percent.  These 
figures  are  calculated  by  including  out-of-state  use  and  were  utilized  for  sizig 
day-use  and  overnigiit  facilities  at  Iron  Canj/on  .ieservoir.  Out-of-state  users  .re 
deducted  for  calculation  of  benefits,  makin;;  the  proportion  of  local  to  non-loci 
use  by  California  residents  UCS  percent  and  59»2  percent.  However,  facilities 
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must  be  provided  for  use  by  nonresidents,  and  assumes  that  user  origin  at 
Iron  Canyon  ^all  be  similar  to  that  of  Shasta  Reservoir. 

Proposed  Recreation  Areas 

Figure  10  delineates  the  general  project  lands  suitable  for  recre- 
ation development  that  should  be  set  aside  for  initial  and  futiire  use  of 
the  public.  Tifo  areas,  Rancho  Rio  .AJ.to  and  Bald  Hill,  are  considered  best 
for  initial  development.  The  seven  additional  areas  sho'/n  should  be 
preserved  for  future  development. 

Archaeological  Survey 

Aerial  and  ground  reconnaissance  surveys  of  the  potential  Iron 
Canyon  Reservoir  site  indicate  the  area  may  have  ve.lTaa,ble  archaeological 
remains.  One  group  of  aboriginal  loidden  accuTi-ulations  and  hou^e  pits  i-.-as 
located  in  an  area  being  considered  for  recreation  development.  More  of 
these  sites  -sail  probably  be  fo\md  when  qualified  archaeologists  survey 
the  entire  reservoir  site  prior  to  inundation. 
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Indian  "House  Pit" 
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FIGURE     10 
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THE  RESOURCES  AGENCY  OF  CALIFORNIA 

DEPARTMENT  OF  WATER  RESOURCES 
UPPER     SACRAMENTO   RIVER    BASIN   IN  VE  STISATION 

IRON   CANYON  RESERVOIR 
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Rancho  Rio  Alto  Area 


^P" 


Rancho  Rio  Alto  -  North  End 
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Rancho  Rio  Alto  -  Center  Area 


Rancho  Rio  Alto  -  South  End 
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Estimated  Recreation  Visitor-Days  Use 

To  determine  the  net  visitor-day  recreation  benefits  attributable 
to  the  water  project,  studies  were  made  of  the  present  and  the  futvire 
recreation  use  with  and  without  the  project.  The  estimated  present  use 
was  projected  into  the  future  for  the  repayment  period  of  the  project* 
Total  use  without  the  project  was  deducted  from  the  gross  project  recre- 
ation use.  The  resulting  use  was  the  net  visitor-day  use  attributed  to 
the  project.  The  Department  of  Fish  and  Game  and  the  U.  S.  Fish  and 
Wildlife  Service  furnished  use  data  which  were  utilized  to  establish 
present  visitoi'-day  use  of  the  Sacramento  Paver  in  the  area  to  be  inun- 
dated by  Iron  Canyon.  The  net  recreation  use  which  can  be  accredited  to 
the  project  is  presented  in  Tables  V  and  VII. 

TABIE  V 

Iron  Canyon  Recreation 
Gross  and  Net  Visitor-days  Use  by  Decades 
(nearest  1,000' s) 
Visitor-Days 


Decade   : 

(VJith  Project)     : 
Iron  Canyon  Project   : 

(Without  Project) 

River       ; 

:  Met  Increase 
of  Use 

1970-80 

2,862,000 

1,1.55,000 

1,U07,000 

1980-90 

5,733,000 

2,038,000 

3,695,000 

1990-00 

9,257,000 

2,839,000 

6, 1^3,000 

2000-10 

13,821,000 

3,703,000 

10,118,000 

2010-20 

19,553,000 

il,  765,  000 

11;,  738, 000 

TOTAI^ 

51,276,000 

1)4,850,000 

36,U26,000 

'ij     The  I97O-8O  period  of  man-day  use  shows  a  small  net  increase  of  use  for 
the  decade.  This  fact  seems  reasonable  becau-se  of  the  replacement  of  an 
established  well-known  recreation  area  by  a  new  recreation  environment. 


A-i^5 


NOTE:  The  fish  and  iri-ldlife  detriments  of  the  Iron  Canyon  Project  are 
far  more  significant  than  the  losses  of  visitor-days  >jithin  the  project 
area.  The  anadromous  fish  that  propagate  within  and  above  the  Iron  Canyon 
project  annually  supports  a  multi-million  dollar  downstream  sport  and 
commercial  fishery* 
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CHAPTER  IV. 
EVALUATION  OF  ALTERNATE  RESERVOIR  ELEVATIONS 

Each  tributary  reservoir  has  been  evaluated  on  the  basis  of  a 
pre-determined  set  of  conditions  that  applied  to  a  particular  proposal. 
These  conditions  included  the  following  items: 

1»  Damsite  location. 

2o  Majdanum  water  surface  elevation, 

3,  Average  water  surface  elevation  during  summer  months, 

U,  Minimum  water  surface  elevation. 

Water  surface  area,  exposed  shore,  and  drawdovm  were  derived 
from  available  area,  capacity,  and  elevation  data.  With  this  information, 
each  reservoir  proposal  was  oriented  to  the  following  items: 

lo  The  involved  landscape  above  and  below  the  water  lines, 

2.  Location  in  relation  to  local  population. 

3«  Access  betvreen  population  centers  and  the  reservoir  shore, 

U»  Location  in  relation  to  other  water-associated  recreation 
attractions. 

Water  project  investigation  involves  the  comparison  of  the  merits 
of  several  alternative  beneficial  water  developments  and  uses,  A  reduction 
or  increase  in  the  size  of  a  reservoir  usually  results  from  a  change  in  the 
relative  importance  of  one  of  the  project  piirposes  (e.g.,  loss  of  part  of  a 
service  area).  Such  a  change  produces  results  that  influence  the  other 
project  purposes  (e,g.,  price  of  new  water,  more  water  available  for  remain- 
ing uses,  new  surface  area  of  reservoir).  In  connection  with  the  preceding 
concepts,  it  is  sometimes  necessary  to  evaluate  the  recreation  attributes  of 
alternative  reservoir  sizes  and  operations. 
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A  lower  level  reservoir  may  fill  and  spill  more  frequently 
(also,  the  period  during  i^^ich  the  spilling  occurs  may  extend  into  the 
summer  season)  and  thus  partially  coimteracting  the  adverse  choiracter- 
istics  associated  with  fluctuating  reservoirs.   This  more  favorable 
operation  may  offset  the  smaller  •Vv'a,ter  are?,  and  smaller  shoreline.  Under 
other  circirastances  the  lack  of  carry-over  can  result  in  drawdowns  during 
dry  cycles  that  virtually  eliminate  recreation  use  of  the  reservoir  for 
the  duration  of  a  dry  cycle.  Such  operation  schedules  also  reduce  the 
incentive  to  develop  access  and  facilities  for  use  during  years  of  favor- 
able water  conditions. 

The  evaluation  of  different  reservoir  sizes  should  be  made  in 
vievf  of  proposed  reservoir  operations.  In  the  Upper  Sacramento  tribu- 
taries, alternate  reservoir  elevations  have  been  considered  without 
reference  to  the  alternate  reservoir  operation  involved.  The  reconnais- 
sance of  the  tributary  reservoir  sites  indicated  that  minor  alterations 
of  reservoir  storage  capacities  would  not  in  themselves  critically  affect 
recreation  developm.ent  and  use. 

The  following  table  evaluates  alternate  reservoir  water  elevations 
on  the  Upper  Sacramento  River  tributaries.  It  is  assumed  that  other  reser- 
voir operation  characteristics  will  change  in  proportion  to  the  cnange  in 
reservoir  storage.  The  evaluations  are  based  on  the  estimated  changes  in 
usable  shoreline. 
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TABIE   VI 

ALTERillTS  SIZE  Kr'BlRWU  lECREATION 
COST  AInTD  use  PffliDICTION  FACTORS 


Jorrnal  VJater 

:   Storage   : 

Vlater  Surface 

Reservoir  : 

Siirface  Elevation 
U.S.G.S.  Datum 

s  Capacity  in  : 
:  Acre-feet  : 

Acres  at 
Normal  Pool 

:  Factor 

Hulen 

828 
793 

62,500 
25,000 

1,350 
770 

1.00 
.75 

Bella  Vista 

611; 
586 

200,000 
100,000 

U,5oo 

2,750 

1,00 
.63 

Hillville 

7U3 
710 

97,000 
50,000 

1,580 
1,160 

1,00 

oo6 

Fiddlers 

970 
1,015 

iiU,ooo 

200,000 

1,550 
2,U5o 

1.00 
1.26 

Rosewood 

786 
7UU 

200,000 
100,000 

3,000 
1,900 

1.00 
.80 

Dippingvat 

1,172 
1,130 

7U,ooo 
Uo,ooo 

1,000 
680 

1.00 
.82 

Paskenta 

1,006 
950 

135,000 
55,000 

1,9U0 
1,060 

1.00 
.7U 
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CHAPTER  V.     SUin^'iARY  MD  CONCLUSIONS 

All  of  the  eight  reservoirs  in  the  Upper  Sacramento  River  Basin 
Investigation  studied  by  the  Northern  Branch  Recreation  Contract  Services 
Unit  have  some  degree  of  recreational  use  potential  (Table  VII),  These 
studies  also  indicated  that  none  of  these  reservoirs  has  enough  recreation 
demand  to  justify  the  project  on  recreation  as  the  sole  project  purpose. 
The  low  predictions  summarized  in  Table  VII  are  partially  due  to  the  fact 
thah  the  local  population  is  small  and  will  continue  to  be  small.  Also, 
the  competition  for  user-days  and  capital  investment  for  facilities  will  be 
extreme  because  of  the  large  established  reservoirs  within  a  short  distance 
of  the  envisioned  projects. 

The  physiography  is  similar  for  all  of  the  reservoir  sites  in  the 
Upper  Sacramento  River  Basin.  The  topography  is  composed  of  generally  roll- 
ing foothills  and  steep  stream  cut  canyons  at  the  altitude  of  UOO  to  1,500 
feet  above  sea  level.  The  recreation  season  climate  is  hot  and  arid  which 
tends  to  promote  water  contact  sports.  The  typical  vegetative  cover  is 
sparse,  composed  in  part  of  deciduous  oaks,  digger  pines,  several  brush  species, 
and  annual  grasses. 

Present  recreation  use  centers  around  hunting  and  angling.  The 
tributary  reservoir  sites  are  mostly  privately  ovmed  and  restricted  to  ovmer 
recreation  use.  Present  public  recreation  use  is  found  alonj;;  the  Sacrsunento 
River  in  the  areas  vjh:i.ch  would  be  inundated  by  Iron  Canj'on  Reservoir.  The 
importance  of  this  section  of  the  river  in  the  production  of  anadromous 
species  of  fish  is  reflected  in  the  harvest  by  recreationists  and  commercial 
fishermen  in  other  parts  of  the  state,  and  the  local  fishing  for  these  species. 
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I  APPETIDIX     B 


PRELIICCNARY  FISH  PITD  WILDLIFE 
REC0I-3viH\TDATI0HS 
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State  of  California 

Memorandum 


The  Resources  Agnq 


To 


Honorable  William  E.  Wame,  Director 

Department  of  Water  Resoiirces 

P.  0.  Box  388 

Sacramento,  California  95802 


Date:    Wovanber  9,  I964 


From  :  Department  of  Fish  and  Game 


Subject:    V,T-State  of  California,  Department  of  Water  Resources  -  Upper 
Sacramento  River  Basin  Investigation  -  Preliminary  Fish  and 
VJildlife  Recommendations 


The  Upper  Sacramento  River  Basin  Investigation  has  been  completed.  The 
conclusions  of  the  study  are  presently  being  prepared  for  presentation 
in  DWR  Bulletin  No.  15O.  The  fish  and  i/ildlife  phase  of  this  investigation, 
carried  on  \inder  contract  by  the  Fish  and  Game  Contract  Services  Section, 
has  had  as  one  of  its  purposes  the  determination  of  facilities  required 
and  the  management  recommendations  necessary  for  the  preservation  ajid 
possible  enhancement  of  the  fish  and  irf.ldlife  resources  of  the  area. 

We  are  supplying  you,  in  this  memorandum,  id.th  certain  data  on  existing 
salmon  runs  that  would  be  influenced  by  the  Iron  Canyon  Project  ajid 
facilities  that  would  be  required  to  compensate  for  probable  salmon 
losses  vmder  a  particular  set  of  assumed  conditions,  so  that  you  may 
complete  Bulletin  Wo.  I50  on  schedvile.  Included  also  are  estimates  of 
probable  -id-ldlife  losses  in  connection  \d.th  both  the  tributary  development 
and  Iron  Canyon  Reservoir,  and  estimates  of  measures  required  for  adequate 
corripensation  for  these  losses  and  their  costs. 

I'Jhile  it  is  anticipated  that  the  Iron  Canyon  Project  would  pose  serious 
problems  in  regards  to  main  river  salmon  spa^.ming,  the  opposite  is 
expected  from  upstream  tributary  development.  The  results  of  preliminary 
studies  indicate  that  Cov;  and  Cottonwood  Creek  could  be  enhanced  considerably 
for  salmon  spa,iming  by  water  storage  projects  providing  water  releases  of 
a  STii table  temperature  and  quality. 

Please  keep  in  mind  that  the  data  herein  that  concern  probable  salmon 
losses  and  required  artificial  propagation  facilities  are  based  on  a 
number  of  broad  assvimptions  that  are  not  presently  substantiated  by  facts. 
These  assumptions  are:   (1)  that  both  a.dult  and  juvenile  salmon  axid 
steelliead  can  be  transported  successfully  arovind  Iron  Canyon  Dam; 
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(2)  adult  and  juvenile  salmon  and  steelhead  can  successfully  negotiate 
the  reservoir,  both  up-  and  do-wnstream;  (3)  water  of  a  suitable  quality 
and  temperature  will  be  available  for  operation  of  an  artificial 
propagation  facility.  The  recommendations  made  in  this  memorandum  are 
valid  only  if  these  assumed  conditions  are  met* 

If  assumptions  1  and  2  cannot  be  met,  all  salmon  and  steelhead  that 
spawn  above  the  proposed  Iron  Canyon  Dam  would  have  to  be  artificially 
propagated  to  maintain  existing  rims.  This  would  create  a  new  problem, 
due  to  the  unprecedented  size  of  required  artificial  propagation  facilities. 
Experience  in  designing  and  operating  such  an  enormous  plant  is  lacking. 

Failure  to  meet  assumption  3*  regardless  of  any  other  conditions,  would, 
in  essence,  result  in  the  loss  of  the  anadromous  fish  resources  of  the 
Upper  Sacramento  River.  No  feasible  means  of  mitigation  of  adverse  water 
temperatures,  or  compensation  for  the  resource  loss,  is  knovm. 

FISH 

The  Iron  Canyon  Project  will  destroy  approxirrately  126  acres  of  gravel 
out  of  an  estimated  total  of  256  acres  of  spawning  gravel  in  the  Upper 
Sacramento  River  (Table  1).  It  is  estimated  the  126  acres  of  spawning 
gravel  in  the  project  area  has  been  utilized  by  king  salmon  runs  numbering 
as  high  as  153,000  fish.  The  king  salmon  spawning  distribution  in  the 
Upper  Sacramento  fiiver  was  determined  for  this  study  by  both  aerial  and 
ground  surveys  (Tables  1-2-3). 

The  aerial  survey  (Table  1)  showed  the  gross  distidbution  of  spawning 
gravel  but  failed  to  show  the  intensity  of  spawning.  The  spawning  ground 
surveys  (Table  2)  showed  the  spawning  intensity  of  some  areas  well,  but 
during  years  of  high  water,  good  counts  for  all  areas  were  difficult  to 
obtain.  In  order  to  resolve  the  differences  between  the  two  siirvey  methods, 
the  spawning  distributions,  obtained  in  Table  1  and  2,  were  averaged  in 
Table  3  to  produce  an  adjusted  distribution.  It  is  felt  that  the  adjusted 
king  salmon  spawning  distribution  is  more  representative  than  the  distribu- 
tions obtained  by  either  of  the  other  two  methods  taken  individually. 

Spawning  ground  surveys,  although  they  produce  only  estimated  numbers  of 
salmon,  give  an  indication  of  gross  distribution  of  fish  in  the  drainage 
(Table  k)»     It  is  possible  to  apply  the  distribution  schedules  from 
Tables  3  and  U  to  runs  not  bixsken  down  by  area  and  to  then  calculate  the 
numbers  of  fish  in  the  run  that  spavmed  in  the  project  area.  The  estimated 
maximum  rjjmber  of  king  salmon  utilizing  the  project  area  vxas  determined  in 
this  manner  (Table  5). 

As  mitigation  for  the  loss  of  spawning  gravels  in  the  project  area,  the 

Iron  Canyon  facilities  should  include  a  hatchery  large  enough  to  hatch 

and  rear  the  maximum  number  of  eggs  that  could  be  produced  by  the  displaced 
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salmon.  A  spavming  run  of  153>000  king  salmon  vjould  nonnally  be 
composed  of  61,000  (U0;o)  females  and  92,000  (oO^o)  males  (Table  6).  A 
run  of  61,000  female  king  salmon  depositing  an  average  of  6,500  eggs 
each  woiad  produce  a  total  of  396,500,000  eggs  (Table  7).  The  Iron 
Canyon  Hatchery,  based  on  these  calc\ilations,  should  be  designed  for  a 
maximum  capacity  of  397,000,000  king  salmon  eggs. 

The  Iron  Canyon  Hatchery  should  be  designed  to  handle  the  maximum  run 
expected,  but  in  order  to  make  calculations  for  the  annual  operation  cost, 
the  figures  shovild  be  based  on  the  average  number  of  female  salmon  to  be 
handled.  The  average  number  of  female  salmon  calciilated  to  have  spawned 
in  the  project  area  from  19^0  to  I960  was  32,000  (Table  8),  A  run  of 
32,000  female  king  salmon  could  be  expected  to  deposit  an  average  of 
208,000,000  eggs  or  roughly  52  percent  of  the  maximum  calculated  number. 

Plans  for  the  comprehensive  development  of  the  Upper  Sacramento  iiiver  Basin 
call  for  reservoirs  on  the  Cow  and  Cottonwood  Creek  drainages  in  addition 
to  a  main  river  project.  Reservoirs  under  consideration  on  Cow  Creek 
include  the  Bella  Vista  and  Millville  Projects.  Cottonwood  Creek  develop- 
ment plans  call  for  projects  at  the  Hulen,  Fiddlers,  Rosewood,  and 
Dippingvat  sites. 

Salmon  presently  spawn  in  the  lower  reaches  of  Covr  and  Cottonwood  Creeks, 
but  because  of  low  fall  streamflows,  the  runs  are  small.  Storage  projects 
on  these  streams,  viith  cold  water  reserved  for  fall  release,  could  materially 
enhance  their  salmon  spawning  potential.  The  proposed  projects  were  studied 
under  various  release  schedules  to  determine  at  vrhat  flow  the  greatest 
salmon  spawning  enhancement  could  be  obtained.  The  results  of  the  studies 
are  presented  in  Tables  9  through  li;» 


ICLDLEFE 

Wildlife  and  fisheries  studies  have  been  conducted  concurrently  during  the 
Upper  Sacramento  River  Basin  Investigation,  A  reconnaissance  wildlife 
survey  of  the  area  was  made  to  determine  viiat  detrimental  effects  the 
proposed  projects  would  have  on  wildlife  populations.  Data  gathered  during 
these  iijildlife  surveys  are  compiled  in  Table  l5»  Based  on  the  wildlife 
surveys.  Table  15  provides  an  estimate  of  the  wildlife  losses  and  mitiga- 
tion expenditures  needed  for  compensation.  Wildlife  losses  and  mitigation 
measures  are  estimated  for  each  area  based  on  acreages  included  in  the 
table.  The  preliminary  studies  produced  good  reconnaissance  estimates  of 
the  effect  of  proposed  projects  on  wildlife j  however,  additional  studies 
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vdll  be  needed  to  refine  these  estimates  and  to  evaluate  the  effects  of 
service  areas  on  wildlife  if  subject  investigation  is  continued  through  the 
full  feasibility  level. 


■  (^/f5w-.j-^ 
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SACRAMENTO  RIVER  KING  SALMON  SPAWNING  DISTRIBUTION, 
AS  DETERMINED  BY  PHOTOGRAPHIC  GRAVEL  SURVEY,  FALL  I96O 


Table  1 


Utilized 

Surface 

Surface 

As 

spawning 

Number  of 

Stream  section 

acres 

acres  of 

percent 

area  as 

river  mile 

of 

utilized 

of  total 

percent  of 

in  section 

river 

spawning 

disturbed 

total  river 

surveyed 

gravel 

gravel 

surface  area 

Keswick  Dam  to  upper  end 

of  Iron  Canyon  Reservoir 

83i^ 

8i+ 

33% 

10^ 

18 

Area  affected  by  project 

2,227 

126 

^% 

6^ 

i^l 

Area  below  project 

1,621 

he 

1^ 

_^ 

i+2 

TOTAL 

k,6Q2 

256 

100^ 

1^ 

101  miles 

SACRAMENTO  RIVER  KING  SALMON  SPAWNING  DISTRIBUTION 
AS  DETERMINED  BY  FALL  SPAWNING  GROUND  SURVEY 


Table  2 


Stream  section 


Distribution  of 
salmon  carcasses 


"195F' 


1937 


T93F" 


19^9 


i960 


Ave  rag' 


Keswick  Dam  to  upper  end 
of  Iron  Canyon  Reservoir 

Area  affected  by  project 

Area  below  project 


67^ 
285^ 


3% 
13I0 


3% 
50^ 
11^ 


67^ 
2$ 


2% 


3^ 

85t 


ADJUSTED  KING  SALMON  SPAWNING  DISTRIBUTION 
FOR  UPPER  SACRAMENTO  RIVER 


Table  3 


Aerial 

Salmon 

Adjusted 

Stream  section 

survey 
distribution 

carcass 
distribution 

spawning 
distributic 

Keswick  Dam  to  upper  end 
of  Iron  Canyon  Reservoir 

33^ 

9^10 

lv3^ 

A.rea  affected  by  project 

^^ 

38^ 

ivl^^ 

ft.rea  below  project 

185& 

8^ 

13^ 
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DISTRIBUTION  OF  UPPER  SACRAMENTO  RIVER  FALL  KING  SALMON  RUN 


Table  k 


Spawning 
distribution 

1956 

1957 

1958 

1959 

i960 

Average 

Number 

^ 

Number 

^ 

Number 

i> 

Number 

^ 

Number 

'r 

Coleman   / 
Hatchery-' 

2/ 
Main  River^ 

2/ 

Tributaries^ 

TOTAL  RUN 

2,661 

2 

7,689 

9 

7,853 

h 

7,100 

2 

8,9^^0 

3 

k% 

92,783 

7!+ 

59,500 

72 

119,900 

70 

259,500 

85 

22i^,000 

85 

m 

30,317 

2k 

15,3^+7 

19 

kk,k26 

26 

38,631 

13 

30,113 

12 

L% 

125,761 

82,536 

172,179 

305,231 

263,053 

y   Actual  number  of  salmon  taken  at  Keswick  trap. 

2/  Estimates  obtained  from  spawning  ground  survey  carcass  counts. 


ESTLMATED  MAXIMUM  NUMBER  OF  FALL  RUN  KING  SALMON 
UTILIZING  PROJECT  AREA 


Table  5 


Maximum  run  of  king  salmon 
in  upper  Sacramento  River 

Main  river  spawners 
77^  of  total  run 

Project  area  spawners 
hk'^   of  total  main  river  run 

i+51,000  y 

311-7,000 

153,000 

1/  Estimate  obtained  from  1953  spawning  ground  survey. 

BREAKDOWN  OF  SPAWNING  RUN 
Table  6 


Ifeximum  number  of  spawners 
utilizing  project  area 

Maximum  number  of  female 
salmon  UO^  of  total  run 

Maximum  number  of  nnal  e 
salmon  60^  of  total  run 

153,000 

61,000 

92,000 

SUGGESTED  SIZING  OF  IRON  CANYON  HATCHERY 
Table  7 

toximum  niimber  of  female  salmon 

Average  number  of  eggs/ fish 

Total  number  of  eggs 

61,000 

6,500 

396,500,000 

PREDICTED  AVERAGE  OPERATION  LEVEL 
Table  8 

Maximum  number  of  female  salmon 

Average  number  of  eggs/ fish 

Total  number  of  eggs 

X  32,000 

6,500 

208,000,000 
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APPENDIX  C 


BOARD  OF  CONSULTANTS'  REPORT  ON 
IRON  CANYON  DAM 


C-1 


Following  is  the  Board  of  Consiiltant's  report  on  Iron  Canyon  Dam, 
dated  May  11,  I96I: 


Mr.  Alfred  R.  Golze* , 

Chief  Engineer 
Department  of  Water  Resources 


The  Board  of  Consultants  has  reviewed  the  current  status  of 
investigations  and  studies  for  the  Iron  Canyon  Dam  during  its  meeting 
with  your  staff  during  May  9,  10,  and  11,  I96I.  The  Board's  previous 
report  was  dated  September  28,  I96O.  The  present  report  answers  specific 
questions  presented  in  a  memorandum  dated  May  8,  I96I,  prepared  by 
John  W.  Keysor,  and  contains  some  additional  comments  and  suggestions 
by  the  Board.  The  numbered  paragraphs  below  follow  the  numbering  of 
the  memorandum  questions. 

(1)  In  our  opinion,  concrete  structures  for  the  spillway 
weir  and  power  intake,  as  shown  on  Plates  Nos.  1,  2,  and  3,  Plan  5,  dated 
May  5,  1961,  can  be  founded  safely  on  a  thickness  of  50  feet  or  more  of 
the  Iron  Canyon  agglomerate.   Indeed,  further  investigations  and  tests 
during  final  design  may  demonstrate  that  lesser  thicknesses  of  the 
agglomerate  will  be  adequate. 

(2)  We  believe  that  the  design  criteria  used  in  the  develop- 
ment of  Plan  5  are  acceptable  and  adequate  for  this  stage  of  the  inves- 
tigation and  that  no  further  exploration  and  testing  are  required  at 
this  time.   Pending  the  further  investigations  that  will  precede  final 
design,  we  suggest  that  foundation  loadings  on  the  agglomerate  be 
limited  to  12  tons  per  square  foot. 

(3)  Differential  deformations  are  affected  as  much  by  unequal 
loadings  and  structural  rigidity  as  by  the  modulus  of  elasticity  of  the 
supporting  materials.   For  the  general  type  of  structures  contemplated 
by  Plan  5,  we  believe  that  serious  differential  deformations  will  not 
result  or  lead  to  design  difficulties. 

(4)  It  is  our  opinion  that  the  character  of  soft  lenses  in 
the  Iron  Canyon  agglomerate  indicated  by  investigations  to  date  probably 
will  not  have  detrimental  effects  on  the  support  of  concrete  structures. 
However,  uncemented  materials  at  foundation  level  disclosed  by  excavation 
shoiald  be  removed  and  more  intensive  exploration  by  closely- spaced  holes 
should  be  accomplished  before  or  during  construction.  We  doubt  that 
costly  corrective  measures  will  be  required. 
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(5)  The  Board  believes  definitely  that  a  full -height  concrete 
dam  of  some  type  should  not  be  considered  infeasible  and  that,  at  some 
future  investigational  level,  a  hollow-type  concrete  structure  in  the  river 
section  incorporating  spillway,  power  intake,  powerhouse  and  river  diver- 
sion, and  with  earth  embankments  on  the  two  sides  on  the  river  section, 
should  be  investigated  fially.  However,  Plan  5,  with  modifications  sug- 
gested in  later  paragraphs,  is  believed  adequate  for  the  present  objectives. 

(6)  We  believe  that  the  Iron  Canyon  agglomerate  can  be  used  for 
rolled  fill.   However,  we  recommend  that  cost  of  removal  of  oversize 
boulders  during  excavation  for  borrow  be  included  in  the  estimates.  A 
test  fill  should  definitely  be  a  part  of  the  final  design  investigations. 

(7)  Underseepage  through  the  Sacramento  tuff  and  sand  at  Totten 
Dike  can  be  controlled  by  relief  walls,  the  location  and  spacing  of  which 
can  be  determined  by  piezometer  observations  under  and  downstream  from  the 
completed  structure.   Seepage  through  the  Sacretmento  tuff  and  sand  on  the 
left  abutment  of  the  main  dam  presents  more  serious  problems,  and  it  is 
reccamnended  that  the  abutment  be  moved  upstream  from  the  Plan  5  location 
to  terminate  against  a  wider  part  of  the  ridge.  This  move  would  increase 
significantly  the  seepage  path  for  any  water  tending  to  escape  the 
reservoir  toward  Grobey  Gulch. 

(8)  We  do  not  believe  that  artesian  pressures  within  the  Seven- 
Mile  tuff  and  sand  will  create  unsafe  conditions  or  detrimental  uplift 
provided  adeqxiate  thicknesses  of  agglomerate  and  weight  of  structures  or 
overburden  are  present  to  resist  the  uplift.   Relief  of  artesian  pressures 
by  wells  probably  will  be  required.   Piezometers  should  be  installed 
early  in  the  construction  operations  and  the  need  for  relief  wells  should 
be  determined  from  piezometric  observations.   Relief  of  artesian  pressures 
will  not  cause  detrimental  settlements  because  pressures  in  the  Seven-Mile 
tuff  and  sand  in  any  case  will  be  greater  than  those  now  existing. 

(9)  We  believe  that  Plan  5  is  appropriate  to  the  geology  of  the 
site  except  that  the  left  abutment  should  be  moved  upstream  as  recommended 
in  (7). 

(10)  We  see  no  reason  to  depart  from  our  previous  opinion  that  the 
spillway  channel  should  be  fully  lined  and  should  terminate  in  a  structure 
firmly  seated  in  agglomerate. 

(11)  For  the  preconstruction  stage  of  investigation  for  Iron 
Canyon  Dam,  we  recommend: 

(a)  Additional  drilling  along  the  selected  axis  and  at 
specific  structures,  including  alternative  locations  if  required. 
This  drilling  has  the  purposes  of  delineating  more  specifically 
the  depths  and  characteristics  of  the  formations  and  of  permitting 
water  pressure  testing  and  field  permeability  determinations. 
Samples  for  physical  testing  of  foundation  formations  should  be 
recovered  from  selected  drill  locations. 
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(b)  Construction  of  test  fills  to  determine  feasible 
construction  and  control  procedures  and  to  secure  samples  for 
physiceil  testing  of  impervious  and  pervious  embankment  fill 
materieils. 

(c)  Model  studies  of  hydraulic  structures. 

(d)  If  it  develops  that  large  shafts  or  tunnels  will  be 
included  in  the  design,  test  adits  should  be  excavated  in  the  ma- 
terials involved. 

We  recognize  the  limited  objectives  of  the  present  investigation 
and  believe  that  Plan  5  comes  close  to  meeting  these  objectives.  We  suggest, 
however,  that  a  more  efficient  and  economical  design  may  result  from  elimi- 
nating one  of  the  deep  cuts  on  the  sides  of  the  river  and  combining  the 
intake  and  spillway  structures.  This  combination  should  and  can  make  pro- 
visions for  future  expansion  of  the  intake  and  power  facilities.  The  com- 
bined structure  will  represent  a  simplification  which  may,  in  final  design, 
lead  to  selection  of  a  river-section  concrete  structure  with  side  earth 
embankments.  If  the  concrete  stinicture  is  so  located  and  designed  that 
heights  and  loads  transverse  to  the  river  are  approximately  uniform,  the 
thickness  of  agglomerate  beneath  the  structure  required  to  minimize  differ- 
ential deformations  will  be  decreased.  This  implies  moving  the  structure 
upstream  with  the  accompanying  advantages  of  higher  agglomerate  in  the 
abutments,  but  downstream  pressure  relief  and  erosion  protection  problems 
may  be  aggravated. 

It  is  our  understanding  that  the  present  study  has  the  objective 
of  coordinating  existing  information,  determining  physical  feasibility 
and  safety,  ajid  providing  estimates  of  approximate  costs.  Our  report  is 
directed  only  toward  these  objectives.  We  believe  that,  with  the  suggested  n 
modifications,  Plan  5  meets  these  objectives  and  that  cost  estimates  based 
thereon  will  be  conservative.  Foreseeable  chemges  in  final  design  will 
most  likely  lead  to  economies. 

We  commend  your  staff  on  the  qviality  of  the  geological  and 
engineering  investigations  that  have  made  possible  the  conclusions  pre- 
sented herein. 


Roger  Rhoades 
Consulting  Geologist 

B.  E.  Torpen 
Consulting  Engineer 

Philip  C.  Rut ledge 
Consulting  Engineer 
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PREDICTED  WATER  TEMPERATURES  IN 
IRON  CANYON  RESERVOIR  AND  AFTERBAY 

Jerome  M.  Raphael 
Consulting  Civil  Engineer 


Summary 

A  study  has  been  made  of  the  temperature  of  the  vra,ter  leaving 
Iron  Canyon  Reservoir  and  Iron  Canyon  Afterbay,  using  the  general  geometry 
of  the  project,  the  hydrology  of  an  average  water  year,  and  the  meteor- 
ological records  of  a  typical  year.  This  study  shows  that  during  the 
month  of  July,  water  entering  the  Iron  Canyon  Reservoir  will  be  heated  a 
maximum  of  20°  F.  in  the  reservoir,  and  an  additional  4°  F.  in  the  after- 
bay.  The  maximum  temperatures  are  predicted  to  be  69°  F.  for  the  reservoir 
and  72.5°  F.  for  the  afterbay.  Water  will  be  heated  slightly  after  it 
leaves  the  afterbay  and  proceeds  down  the  Sacramento  River,  but  data  are 
not  available  at  present  to  make  a  prediction  of  the  amount  of  this  heating. 

Iron  Canyon  Reservoir 

The  water  that  flows  into  the  Iron  Canyon  Reservoir  has  two 
principal  sources:   Shasta  Dam,  and  the  Trinity  Project  of  the  U.  S.  Bureau 
of  Reclamation's  Central  Valley  Project.  Water  from  these  two  sources 
joins  in  the  Keswick  Reservoir,  and  flows  down  the  Sacramento  River  to 
the  headwaters  of  the  Iron  Canyon  Reservoir.   From  the  reservoir,  the 
water  flows  either  over  a  spi3J.way  during  a  high  water  year  directly  to 
the  Sacramento  River,  or  through  penstocks  to  a  powerplant  and  afterbay 
before  rejoining  the  river.   Plate  3  shows  the  general  geography  of  the 
area  of  this  study.   It  can  be  seen  that  there  are  a  number  of  minor  in- 
flows to  the  system,  but  these  are  considered  to  be  insignificant  as  far 
as  affecting  the  final  temperature  of  the  water. 
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Iron  Canyon  Dam  and  Reservoir 

The  general  layout  of  Iron  Canyon  Dam  and  the  details  of  the 
powerplant  are  shovn  on  Plate  5-  By  examining  Plate  5j  it  can  be  seen 
that  water  leaving  the  reservoir,  whether  over  the  spillway  or  through 
the  penstocks,  is  controlled  by  the  wide  approach  channel  with  a  floor 
at  elevation  310.   Since  the  maximum  reservoir  elevation  is  at  elevation 
4oi,  it  can  be  seen  that  this  is  quite  a  shallow  reservoir,  generally. 
As  a  matter  of  fact,  dividing  the  volume  at  maximiam  capacity  by  the 
corresponding  surface  area  given  on  the  area/capacity  curve  gives  an 
average  depth  of  only  37  feet.  The  essential  shallowness  of  this 
reservoir  is  at  first  glance  rather  difficult  to  grasp,  since  the  hydraulic 
height  of  the  dam  is  over  I50  feet,  but  the  area/ capacity  curve  shows  that 
less  than  h   percent  of  the  reservoir  volume  lies  below  elevation  310,  the 
elevation  of  the  approach  channel. 

Iron  Canyon  Afterbay 

The  general  disposition  of  the  Iron  Canyon  Afterbay  that  re- 
regulates  the  flow  from  the  Iron  Canyon  Powerplant  is  shown  on  Plate  3. 
The  area/ capacity  curve  shown  on  Figtrre  1  gives  the  essential  geometric 
characteristics  of  this  body  of  water.   It  can  be  seen  that  this  is  also 
a  very  shallow  body,  averaging  a  depth  of  13  feet  at  its  maximum  capacity 
of  5^,000  acre-feet  to  an  average  depth  of  10  feet  at  minimum  permissible 
storage  of  27,000  acre-feet.  The  hydrograph  of  the  afterbay  is  given  on 
Figure  2. 

Hydrology 

The  general  hydrology  of  the  Iron  Canyon  Reservoir  was  taken 
from  the  Department  of  Water  Resources  Operation  Study  No.  12-2,  using 
1935-36  as  an  average  water  year.  This  study,  the  essential  parts  of 
which  are  given  on  Table  1,  below,  gives  only  monthly  totals  or  averages. 
Since  daily  rates  were  desired  for  the  temperature  computations,  these 
had  to  be  computed  as  average  daily  flows  from  the  total  monthly  flow, 
and  natxiral  1  y  resulted  in  a  smoother  variation  of  flow  than  the  peaJced 
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flow  that  is  characteristic  of  nature.  However,  considering  the  degree 
of  regulation  afforded  by  Shasta  Dam,  the  Trinity  system,  and  Keswick 
Dam,  this  is  not  too  unrealistic  an  assumption. 

Inflow  Temperature 

Since  the  Trinity  Project  has  yet  to  reach  its  full  operating 
condition,  there  are  no  temperature  records  available  for  a  normal 
operating  year.   However,  as  a  start,  it  was  suggested  that  it  be  assumed 
that  the  normal  temperature  cycle  at  Keswick  due  primarily  to  outflow 
from  Shasta  Dam  and  Powerplant  remains  essentially  unchanged  by  the 
addition  of  the  Trinity  outflow.  Water  temperatures  in  the  penstocks 
at  Keswick  Powerplant  are  recorded  as  part  of  the  normal  operating  records 
of  the  plant,  and  averaged  daily.   Fourteen  years  of  records  were  avail- 
able from  1950  to  1963.  All  of  these  data,  with  the  exception  of  one 
year  where  the  temperature  was  recorded  the  same  each  day  for  the  entire 
year,  were  averaged  to  produce  the  thermal  record  given  in  Figure  3. 
Although  there  must  be  a  slight  amount  of  thermal  energy  added  to  the 
water  between  Keswick  Dam  and  the  headwaters  of  Iron  Canyon  Reservoir, 
it  was  considered  that  with  the  large  volume  of  flow  and  the  short  dis- 
tance, the  temperature  should  not  change  appreciably.  Thus,  the  temper- 
atures given  on  Figure  3  were  considered  to  be  the  inflow  temperatures 
for  Iron  Canyon  Reservoir. 


Basic  Heat  Transfer  Relationships 

The  mathematical  prediction  of  temperature  in  rivers  and  reservoirs 
is  based  on  the  heat  budget,  which  means  accounting  for  all  heat  originally 
contained  in  a  body  of  water,  and  all  heat  that  flows  into  and  out  of  the 
body  during  a  particular  interval.  Two  general  methods  of  computation  are 
available.  The  first  method  can  be  used  with  bodies  of  water  such  as 
shallow  lakes  or  flowing  streams  in  which  the  water  is  so  stirred  by  wind 
or  current  that  temperatures  are  uniform.  The  second  method  is  suitable 
for  deeper  lakes  having  a  well-defined  temperature  gradient,  and  is 
generally  applied  to  the  prediction  of  temperature  in  large  storage  reservoii 
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FIG.  3 

KESWICK     POWERPLANT 
TEMPERATURE     OF    WATER    IN     PENSTOCKS 
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In  the  first  method,  assuming  that  the  lake  is  at  uniform  tempera- 
ture at  any  instant  of  time  Oq,  the  lake  may  be  visualized  as  a  vessel  con 
taining  a  mass  of  water  m^.  at  temperature  t^  into  which  flows  a  mass  of 
water  m^  at  temperature  t.  and  out  of  which  flows  mQ  at  temperature  t^.  A 
vast  qviantity  of  heat  is  transferred  across  the  surface  of  the  lake.  The 
total  surface  heat  transfer  per  unit  of  time  acting  on  the  entire  surface 
area  A  of  the  lake  is  the  product  Q^A  where  "^  is  the  quantity  of  heat 
transferred  at  the  surface  in  Btu  ft"^  hr"  .  ilH 

The  change  in  temperature  of  the  water  can  be  computed  from 


1  q^Ae 
^  *w  =  —  ZL_  +  V  (t 

V    S23    i  ^  i 


w) 


(1) 


where  V^  is  the  volume  of  the  lake  in  acre -feet;  V.  is  the  volume  of  inflow 
in  acre-feet;  A  is  the  surface  area  in  acres;  and  all  temperatures  are  in 
degrees  fahrenheit.  The  energy  budget  for  the  body  of  water  can  be  expreseec 
in  the  following  form 

%  =  %-%-  %-%-%^%  (2) 

in  which  Ql  is  the  increase  in  energy  stored  in  the  body  of  water;  Q  is 
the  solar  radiation  incident  to  the  water  surface;  Q  is  the  reflected 
short-wave  radiation;  Q,  is  the  back  radiation,  or  the  net  energy  lost 
by  the  body  of  water  through  the  exchange  of  long-wave  radiation  between 
the  body  of  water  and  the  atmosphere;  Q.  is  the  energy  conducted  from  the 
body  of  water  to  the  atmosphere  as  sensible  heat;  Q  is  the  energy  used 

for  evaporation;  and  Q  is  the  net  energy  advected  into  the  body  of  water 

-2   -1 
by  rain,  all  in  Btu  ft   hr  . 

Solar  radiation  is  primarily  a  function  of  the  solar  altitude. 
The  solar  altitude  can  be  found  from 

sin  a  =  sin  0  sin  °  +  cos  0  cos  *  cos  h 

in  which  oC  is  the  solar  altitude  in  degrees;  0  is  the  latitude  of  the  site 
in  degrees;  6  is  the  declination  of  the  sun  in  degrees;  and  h  is  the  hour 
angle  of  the  sun,  positive  before  noon,  negative  after  noon.  A  portion  of 
this  incoming  solar  radiation  is  reflected  from  the  water  surface  in 
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varying  amovints  depending  on  the  solar  altitude  and  amount  of  cloud  cover. 
The  combined  function  (Q  -  Q  )  is  presented  as  a  graph  giving  the  insolation 
as  a  function  of  solar  altitude. 

The  effect  of  cloud  cover  in  reducing  insolation  can  be  determined 
from 

Q^  =  (1  -  O.OOTl  C^)  (Qg  -  Q^)  (h) 

in  which  Q  is  the  net  short-wave  insolation  including  effect  of  cloud  cover, 
in  Btu  ft-2  hr-1;  and  C  is  the  cloud  cover,  expressed  as  tenths  of  sky- 
covered. 

The  interchange  of  the  long-wave  radiation  from  the  water  to  the 
sky,  and  from  the  atmosphere  to  the  water  is  termed  effective  back  radiation. 
This  depends  on  the  temperature  of  the  atmosphere  and  of  the  water  surface, 
the  emissivity  and  the  reflectivity  of  the  water  surface,  and  to  some  extent 
on  vapor  pressure  and  cloud  cover.  This  can  be  computed  from 

Q^   =  0.9T0  «■  (\  ^  -^  \  ^)  (5) 

-2   -1 
in  which  Q.    is  the  effective  back  radiation,  Btu  ft   hr  ;  o"  is  the 

Stefan -Bolt zmann  radiation  constant;  T  is  the  absolute  temperature  of  the 

water  surface;  T  is  the  absolute  temperature  of  the  atmosphere;  and  p 

is  a  radiation  factor  which  is  a  function  of  the  cloud  cover  and  the  vapor 

pressure. 

The  loss  of  heat  due  to  the  water  evaporated  at  the  surface  can 
be  found  from 

%  =  16VI   (e^  -  e^)  (6) 

-2   -1 
where  Q  is  expressed  in  Btu  ft   hr  ;  U  is  in  knots  as  usually  recorded 

in  weather  records;  e  is  the  vapor  pressure  of  saturated  air  at  the 

temperature  of  the  water  surface,  and  e  is  the  observed  vapor  pressure 

of  the  air,  both  in  inches  of  mercury. 

Sensible  heat  is  conducted  to  or  from  the  body  of  water  by  the 
air  whenever  a  temperature  difference  exists  between  air  and  water.  This 
can  be  found  from 

Q^  =  0.005^+3  UP  (t^  -  t^)  (7) 
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p    1 
in  which  Q.  is  the  heat  conducted  from  air  to  water,  Btu  ft-"^  hr  ;  Q  is 

the  wind  velocity,  in  knots;  P  is  the  atmospheric  pressure,  in  inches  of 

mercury;  and  t  and  t  are  the  air  and  water  temperature  respectively, 

in  degrees  Fahrenheit. 

In  extending  these  basic  relationships  to  deep  reservoirs  with 
a  well  defined  temperature  gradient,  one  additional  heat  transfer 
mechanism  might  be  considered,  the  convection  and  conduction  of  heat  from 
layer  to  layer.   In  the  typical  case,  the  deep  reservoir  might  be  visual- 
ized as  being  made  up  of  a  number  of  distinct  horizontal  bodies  of  water 
at  different  uniform  temperatures  lying  on  top  of  one  another.  As  long 
as  no  water  movement  takes  place,  these  will  lie  in  a  stable  array,  as 
determined  by  their  relative  densities.  When  water  is  withdrawn  from 
the  reservoir,  say  from  a  conduit  located  some  distance  below  the  surface, 
water  primarily  from  the  layer  at  the  level  of  the  conduit  will  flow  out 
through  it,  together  with  minor  amounts  from  layers  above  and  below  the 
conduit,  as  determined  by  the  laws  of  hydrodynamics.   Water  leaving  any 
layer  must  be  replaced  by  water  from  a  higher  and  warmer  layer,  and  this 
movement  accounts  for  the  convective  transfer  of  heat,  the  characteristic 
equation  for  which  is  the  second  term  of  Equation  (l).   For  all  practical 
purposes,  conduction,  or  the  slow  drift  of  heat  from  a  warmer  to  a  cooler 
layer,  may  be  neglected,  as  the  amount  involved  is  a  minute  fraction  of 
that  transferred  by  convection.   It  can  be  assumed  that  water  entering 
the  reservoir  will  dive  down  beneath  any  warmer  layers  of  water  and  mix 
with  the  layer  of  water  at  or  just  below  the  temperature  of  the  inflowing 
water. 

The  final  problem  for  a  deep  reservoir  is  to  account  for  the 
quantity  of  heat  transferred  at  the  surface.   The  basic  heat  relationships 
have  already  been  described  for  the  shallow  lake  at  uniform  temperature. 
At  the  surface,  it  can  be  assigned  that  although  a  distinct  and  sharp 
temperature  gradient  may  exist  during  the  hours  of  sunshine,  during  the 
night  when  heat  flows  out  of  the  surface  layer,  local  convection  currents 
will  tend  to  transfer  cooled  surface  waters  downward  and  warmer  subsurface 
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waters  upward,  resulting  in  a  surface  layer  of  finite  thickness  at 
uniform  temperature. 

General  Scheme  of  Temperature  Analysis 

The  essential  hydraulic  characteristics  of  the  outflow  from  the 
Iron  Canyon  Reservoir  for  I936  are  shown  schematically  on  Figure  k.      This 
shows  that  the  water  surface  ranged  from  elevation  363  to  389->  giving  a 
depth  range  in  the  approach  channel  of  50  to  76  feet.   It  is  conceded 
that  it  is  entirely  possible  that  the  depth  of  the  reservoir  is  sufficient 
to  set  up  temperature  gradients.   However,  the  size  and  position  of  the 
floor  of  the  approach  channel  result  in  flow  into  the  pienstocks  from  all 
elements  of  the  water  in  the  approach  channel  in  rather  equal  proportions, 
and  it  is  considered  that  the  temperature  of  the  water  leaving  the  reser- 
voir through  the  penstocks  will  be  the  average  temperature  of  the  water  in 
the  approach  channel.  Once  this  assumption  is  made,  it  is  more  efficient 
to  consider  the  lake  as  at  uniform  temperature  and  determine  the  effluent 
temperature  directly,  than  to  break  up  the  lake  into  horizontal  layers, 
and  recombine  them  to  find  the  effluent  temperature.   The  essentially 
shallow  nature  of  the  reservoir  together  with  the  short  retention  time 
of  the  water  strengthens  this  assumption  of  water  essentially  at  a  uniform 
temperature  that  varies  with  time. 

A  daily  inteirval  was  chosen  for  analyzing  the  temperature  of 
the  reservoir,  and  the  analysis  was  carried  out  from  April  1  when 
normally  most  stratified  reservoirs  are  at  uniform  temperature,  to  the 
end  of  the  calendar  year.   However,  for  detailed  study  of  the  temperature 
in  the  afterbay,  with  large  weekly  variations  in  volume  and  short  inflow 
period,  three-hour  time  intervals  were  used  in  the  analysis. 

Climatological  Data 

The  validity  of  the  temperature  analysis  is  increased  by  the 
use  of  detailed  climatological  records  typical  of  the  area  under  study. 
Fortunately  such  a  detailed  record  was  available  in  the  Local  Climatological 
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Data  Supplement  of  the  U.  S.  Weather  Bureau  for  Bidwell  Field  at  Red  Bluff, 
California,  in  the  middle  of  the  area  under  study.   The  year  I96I  was 
chosen  as  representative  and  used  in  the  analysis.   Radiation  data  were 
taken  from  Table  1  of  "Water  Temperatures  in  Shallow  Reservoirs  with 
Particular  Reference  to  Oroville  Dam",  by  J.  M,  Raphael,  October,  i960. 

Reservoir  Temperature 

The  temperatures  predicted  for  the  Iron  Canyon  Reservoir  are 
shown  on  Figure  5,  together  with  the  air  temperature  and  the  temperature 
of  the  inflow  to  the  reservoir.  The  average  daily  air  temperature  shows 
the  usual  jagged,  irregular  characteristics  riding  on  top  of  the  seasonal 
variation.  The  inflow  temperatures  are  very  smooth,  reflecting  the  large 
bodies  of  water  in  the  Shasta  and  Trinity  systems,  with  withdrawal 
at  great  depth  in  these  reservoirs.  The  water  temperature  in  the  Iron 
Canyon  Reservoir  shows  some  variation  reflecting  short-time  variations 
in  air  temperature,  but  the  heating  effect  of  up  to  20°  F.  over  the  inflow 
temperatures  is  the  most  important  characteristic  of  the  computed 
temperature.  The  maximum  water  temperature  of  69°  F.  is  attained  in  late 
June,  when  high  air  temperatures  are  coupled  with  less  than  peak  inflow 
volume,  and  fairly  high  reservoir  volume. 

In  general,  it  must  be  concluded  that  the  Iron  Canyon  Reservoir 
and  Powerplant  form  an  ideal  water  heater.   Relatively  cold  water  entering 
this  shallow  reservoir  in  the  summer  is  heated  at  the  surface  by  inter- 
change of  radiation  and  heat  from  the  atmosphere.   This  same  warm  surface 
is  at  once  withdrawn  by  the  penstocks  at  their  high  location,  coupled 
with  the  skimming  effect  of  the  approach  channel.   It  might  be  conjectured 
that  if  the  intakes  for  the  penstocks  could  be  lowered  to  a  position  quite 
near  the  bottom  of  the  reservoir,  then  the  cold  inflowing  water  might  flow 
through  the  reservoir  under  the  relatively  warmer  surface  waters,  with 
minimal  mixing,  and  on  out  through  the  penstocks.   Such  a  conjecture 
might  well  be  tested  with  a  new  temperature  study. 
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Afterbay  Temperatures 

A  study  was  made  for  the  heating  of  the  water  in  the  afterbay 
for  mid-July,  the  month  of  highest  average  temperatures  of  the  water 
leaving  the  reservoir.   Results  of  this  study  are  shown  on  Figure  6, 
for  a  typical  operating  week.  At  the  top  of  the  figure  the  air  temper- 
ature is  shown  as  a  dotted  curve,  reaching  maximum  temperatures  of  110°  F. 
At  the  bottom,  the  sawtooth  diagram  shows  how  the  volume  of  the  reservoir 
increases  each  day  when  the  powerplant  is  operating,  only  to  decrease 
again  when  the  plant  ceases  generating.  There  is  a  general  upward  trend 
until  the  weekend,  when  the  voliime  decreases  steadily  to  the  minimiim  of 
Monday  morning.  The  five  short  dashes  near  the  center  of  the  figiire 
represent  the  duration  of  inflow  by  their  length,  and  the  temperature  of 
the  inflowing  water  by  their  position  on  the  temperature  scale.  The 
slightly  wavy  line  shows  the  predicted  temperature  of  the  water  leaving 
the  afterbay.  As  can  be  seen,  the  afterbay  temperature  is  affected  by 
two  opposing  influences.  The  cold  inflowing  vater  tends  to  cool  it, 
ajid  almost  simiiltaneously,  the  warming  air  temperature  tends  to  warm  it. 
It  can  be  seen  that  the  water  is  warmed  about  an  additional  k°   F.  in  the 
afterbay,  after  it  leaves  the  reservoir,  to  a  maximum  of  72°  F.  Although 
similar  studies  were  not  conducted  for  the  other  summer  months,  it  is 
estimated  that  the  temperature  of  water  in  the  afterbay  will  increase  an 
average  of  3°  F.  in  June  and  August,  2°  F.  in  May  and  September,  and 
1°  F.  in  October. 

It  is  estimated  that  the  chief  cause  of  the  high  temperature 
rise  in  the  Iron  Canyon  Reservoir  is  the  relative  shallowness  of  the 
reservoir  coupled  with  withdrawal  of  the  water  near  the  surface.   If 
the  intakes  for  the  penstocks  could  be  lowered,  it  is  quite  likely  that 
the  cold  inflowing  water  might  dive  beneath  the  warmer  surface  waters, 
and  flow  out  through  the  penetocks  without  mixing.  This  might  well  be 
the  object  of  a  new  temperature  study,  using  a  stratified  reservoir. 


D-15 


110 


100 


u. 

o 


a: 

3 


< 


90 


80 


70 


60 


50 


o 
o 
o 


z 
=> 
-I 

o 

> 


40 


30 


20 


r\ 

A 

•  • 

*  1 

.**• 

:  : 

• 
• 

t   s 



•••...., 

•     « 
t     • 

;     « 

• 
• 
• 

:      I 

•••••  ••••, 

I   \ 

•  • 

•  • 

•  • 

•  • 

1     • 
1     • 

•           • 

n 

•••. 

•  • 

•    t 

•  t 

#             • 

;       : 

■            • 

: 

t       • 

•       • 

t 

1       \ 

•  X 

•  • 

•  • 
f              • 

•  • 

\    s 

•               5 

/  1 

►         1 

'            • 

1 

•                     1 

1 

• 

/  ; 

/     1 

•  • 

•  • 

1 

• 
1 

• 

t 

t       I 

• 

• 
• 

J           *. 

:          1 

V    y^\ 

.'      1 

• 

• 

• 

• 
• 
• 
• 
• 

• 

[    1         AIR-/      ] 
'•■I            1 

•  • 

•  • 

•  • 

•  t 

•  • 

J              • 

:       : 

1        • 
*       : 

J 

A 

•      • 
•_  1 

I         1               • 

•         •               • 

i        • 

f        • 

2             • 

1 

• 

'< 

:     !          • 

*          •                     • 

/        \ 

:         \ 

1 

• 
• 

u 

1 

•  *                                • 

*  •                                 * 

1         1 

J 

M  AFTFI 

RBAY 

-          J 

.  :          ■ 

/ 

— ~  Mr  1 C 1 

w.y 

^      /__ 

i  :       ^  ^ 

U-^ 

^^"•"^ 

• 



RESER 

r 

*     t 

•  • 

•  • 

•  • 

vol  R 

h 

V 

•..» 

J 

^-' 

-  AFTER 

BAY     VO 

7 

LUME 

\ 

\ 

MON 


TUES 


WED 


THUR 


FRI 


SAT 


SUN 


FIG.  6 

IRON     CANYON    AFTERBAY 
PREDICTED     TEMPERATURES 


D-lb 


Reliability 

It  is  natural  to  question  how  reliable  are  the  predictions  of 
temperature  made  by  the  above  study.   In  I962,   a  similar  study  was  completed 
of  the  temperature  rise  of  the  Columbia  River  as  it  flowed  downstream  92 
miles  through  three  damsites.   In  making  this  study,  six  separate  bodies 
of  water  were  considered,  feeding  each  other  in  turn.  At  the  end  of  this 
stretch  of  water,  the  computed  temperature  of  the  water  was  comi»red  with 
the  temperature  recorded  in  the  penstocks  of  the  final  powerplant.   It 
was  shown  that  the  computed  temperatures  were  everywhere  within  the  zone 
of  reliability  of  the  observed  outflow  temperatures,  and  it  was  concluded 
that  the  method  for  predicting  river  temperatures  could  be  relied  on  for 
studying  comparative  effects  of  various  schaaes  of  operation  for  rivers 
and  reservoirs. 


Table  1  -  Hydrology  of  Iron  Canyon  Reservoir 


Month 

Total 
Monthly 
Inflofw 
M  A-F 

Total 
Monthly 
Outflow 

M  A-F 

End  of 
Month 
Storage 
M  A-F 

End  of 
Month 
Area 
MA 

End  of 
Month 
Elevation 
Feet 

March 

316 

224 

692 

21.2 

389.0 

April 
May 

310 
502 

328 
558 

670 
604 

20.5 
18.8 

387.7 
384.3 

June 

551 

62L 

523 

16.7 

379.8 

July 

668 

lh3 

433 

lU.3 

373.8 

Aiigust 

650 

720 

354 

12.3 

368.0 

September 

iH2 

l^50 

310 

11.1 

364.3 

October 

320 

331^ 

292 

10.8 

363.0 

November 

268 

232 

328 

11.6 

366.0 

December 

221 

239 

310 

10.8 

364.3 

M  A-F:  1,000  acre-feet 
MA:     1,000  acres 
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"A"  ZONE:       BEST  AREAS  FOR  DEVELOPMENT  OF  GROUND  WATER.    PROPERLY 
CONSTRUCTED  WELLS  SHOULD  YIELD  SUFFICIENT  WATER  FOR 
IRRIGATION. 

"B"  ZONE;      GOOD  AREAS  FOR  DEVELOPMENT  OF  GROUND  WATER.    PROPERLY 
CONSTRUCTED  WELLS  SHOULD  YIELD  SUFFICIENT  WATER  FOR 
MOST  IRRIGATION.    YIELDS  GENERALLY  WILL  BE  SOMEWHAT  LESS 
THAN  IN  "A"  ZONES. 

"C"  ZONE:      FAIR  AREAS  FOR  DEVELOPMENT  OF  GROUND  WATER.    PROPERLY 

CONSTRUCTED  WELLS  MAY  YIELD  SUFFICIENT  WATER  FOR  LIMITED 
IRRIGATION-    YIELDS  SHOULD  BE  SUFFICIENT  FOR  DOMESTIC 
AND  STOCKWATERING  PURPOSES,  BUT  GENERALLY  WILL  BE  SUB- 
STANTIALLY LESS  THAN  "A"  OR  "B'  ZONES. 

"D"  ZONE:      POOR  AREAS  FOR  DEVELOPMENT  OF  GROUNDWATER.    PROPERLY 
CONSTRUCTED  WELLS  MAY  YIELD  SUFFICIENT  WATER  FOR 
DOMESTIC  USE  OR  STOCKWATERING     THE  POSSIBILITY  OF  DRY 
HOLES  IS  MUCH  GREATER  IN  "D"  ZONES  THAN  IN  OTHER  ZONES. 
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